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SYNTHESIS OF POLYNUCLEAR HYDROCARBONS WITH 
FUSED cyclbPENTANE RING. PART VI 


By S. C. SEN GupTa*, A. BHATTACHARYYA, SACHCHIDANANDA DATTA AND ASUTOSH MITRA 


The diene-synthesis method has been further extended to the syntheses of hyrindene derivatives including 4:7- 
diphenylhydrindene, two dialkyl-9:10-cyclopentenophenanthrenes, and a few benzo and dibenzo derivatives of cyclo- 
pentenophenanth 1:2-3:4 -Bicyclopentenophenanth and 3:6-dimethylphenanth have also been synthesised. 


Pp 


Diels-Alder reaction has been used for the synthesis of a few hydrindene derivatives, using 
A'-cyclopentene-| : 2-dicarboxylic anhydride (I) as the dienophile component and a suitable 
open-chain or alicyclic diene as the second component. The adduct is obtained in the form of a 
dicarboxylic anhydride, which in certain cases could be decarboxylated and dehydrogenated to the 
corresponding aromatic hydrocarbon containing a fused cyclopentane ring. 


4: 7-Diphenylhydrindene (IV) has been synthesised starting from |: 4-diphenylbutadiene 
and Al-cyclopentene-1 : 2-dicarboxylic anhydride (I). These two combine when heated in 
xylene solution affording a mixture of the adduct (II : R=Ph) and its isomer, presumably differing 
in the position of the double bond. Kuhn and Wagner-Jauregg (Ber., 1930, 63, 2662) also noted 
formation of isomeric adducts during addition of maleic anhydride to | : 4-diphenylbutadiene. 
When, however, | : 4-diphenylbutadiene is heated with the anhydride (I) in boiling nitrobenzene 
solution, a homogeneous product is formed. In the latter case the normal adduct first formed 
has been dehydiogenated by nitrobenzene to 8: 9-dihydro-4: 7-diphenylhydrindene-8 : 9-di- 
carboxylic anhydride (III: R=Ph). Similar dehydrogenation of an adduct had been noted 
previously (Bergmann ef al., J. Org. Chem., 1942, 7, 303 ; Swain and Todd, J. Chem. Soc., 1942, 
626). The mixture of adduct (II : R=Ph) and its isomer on distillation with soda-lime under 
reduced pressure is simultaneously decarboxylated and dehydrogenated with the formation of 
4: 7-diphenylhydrindene (IV). 


CH; 


(IV) 


In a similar manner |-phenyl-4-(p-tolyl)-butadiene condensed with the anhydride (I) in 
boiling xylene solution with the formation of a mixture of 4: 7: 8: 9-tetrahydro-4-phenyl-7- 
(p-tolyl)-hydrindene-8 : 9-dicarboxylic anhydride (II: R=p-Tol) and its isomer. This mixture 


* Present address: City College, Calcutta. 
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of adducts could not be decarboxylated to the corresponding hydrocarbon by heating with soda- 


lime. It was found to dissociate into its components. 


1 : 8-Diphenyloctatetraene on heating with two molecules of the anhydride (I) in boiling 
xylene solution, however, furnished a homogeneous adduct (V), formed by the addition of the two 
components in unimolecular proportion ; but Kuhn and Wagner-Jauregg (loc. cit.) observed that 
two molecules of maleic anhydride invariably added on to one molecule of | : 8-diphenyloctatet- 
raene. The adduct formation in the present case with only one molecule of the anhydride (I) 
may be ascribed to its comparatively low activity. 


isoSafrol with the anhydride (I) readily formed adduct (VI), which resisted decarboxylation. 
A benzohydrindene derivative (VII) with an oxygen bridge has been obtained as an adduct from 
| : 3-diphenyl-5 : 6-dimethylisobenzofuran and A'-cyclopentene-| : 2-dicarboxylic anhydride. The 
adduct has been found quite stable. 


The synthesis of 9: 10-cyclopentenophenanthrene was described earlier (this Journal, 1954, 
31, 899). We have now synthesised 2 : 7-dimethyl-9 : 10-cyclopentenophenanthrene (X : R=Me ; 
R’=H) and 3: 6-dimethyl-9: 10-cyclopentenophenanthrene (X : R=H; R’=Me) by a similar 
procedure. The anhydride (I) readily formed adduct with 4: 4’-dimethyl-I : |'-bicyclohexenyl 
(VIII: R=Me; R’=H). The adduct has been found to be a mixture of (IX : R=Me; R’=H) 
and its bond isomer. This adduct on decarboxylation furnished a product, which on selenium 
dehydrogenation yielded 2: 7-dimethyl-9: 10-cyclopentenophenanthrene (X: R=Me; R’=H). 
3 : 6-Dimethyl-9 : 10-cyclopentenophenanthrene has been obtained similarly from the anhydride 
(I) and the diene 5 : 5’-dimethyl-I : 1’-bicyclohexenyl (VIII: R=H; R’=Me). The latter diene 
has been prepared by the bimolecular reduction of 3-methylcyclohexanone and dehydration of the 
diol formed. The position of the methyl groups in this diene has been established by formation 
of its maleic anhydride adduct and decarboxylation, and dehydrogenation of the latter to 3: 6- 
dimethylphenanthrene. 
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| : 2-3: 4-Bicyclopentenophenanthrene (XII) has been synthesised, starting from |-(«-naph- 
thyl)-cyclopentene-| and the anhydride (I). These two combined in boiling nitrobenzene solution 
to form | : 2-dihydro-| : 2-3 : 4-bicyclopentenophenanthrene-| : 2-dicarboxylic anhydride (XI). 
Evidently dehydrogenation of the adduct took place in nitrobenzene solution. The adduct on 
decarboxylation with soda-lime under reduced pressure furnished the hydrocarbon (XII). 


Two cydopentenodibenzophenathrene derivatives have also been synthesised. 9: 10-cyclo- 
Penteno-3 : 4-5 : 6-dibenzo-octahydrophenanthrene-9 : 10-dicarboxylic anhydride (XIII: R=H) 
has been obtained as an adduct when 3 : 4 : 3’ : 4’- tetrahydro- | : |’- dinaphthyl and the anhydride 
(I) are heated in xylene solution for long hours. In a similar manner the adduct (XIII: R=Me) 
has been obtained from 7 : 7’-dimethyl-3 : 4 : 3’ : 4’- tetrahydro-I : |'-dinaphthyl and the anhydride 
(I). These two adducts could not be decarboxylated to the corresponding hydrocarbons. 


We utilised earlier (this Journal, 1956, 33, 39) cyclopentadienone derivatives as diene compo- 
nent in several syntheses. We have now synthesised 9: 10-benzo-| : 4-diphenyl-2 : 3-cyclo- 
pentenophenanthrene- 2 : 3-dihydrodicarboxylic acid (XV), starting from phenecyclone and the 
anhydride (I). These two readily combined in boiling xylene solution with the formation of 
adduct (XIV). The latter loses the carbonyl bridge when heated in tetralin solution at 200° and 
the decarbonylated product was isolated as the dicarboxylic acid (XV). This could not be decar- 
boxylated to the corresponding hydrocarbon. 


EXPERIMENTAL 


4: 7:8: 9-Tetrahydro-4 :7-diphenylhydrindene-8 :9-dicarboxylicAnhydride (11 : R=Ph).—1 :4- 
Diphenylbutadiene (I0g.) and the anhydride of A’-cyclopentene-| : 2-dicarboxylic acid (7g.) 
in dry xylene (25 c.c.) were refluxed for 5 hours at 150-55°, and then kept overnight at the 
room temperature. The solvent was removed by steam distillation and the residual solid was 
twice crystallised from benzene to furnish silky needles of the mixed isomers. It softens at 205° 
and clearly melts at 212°. (Found: C, 79.8; H, 5.8. C.sHogO3 requires C, 80.0; H, 5.8%). 


8 : 9-Dihydro-4 :7-diphenylhydrindene-8 :9-dicarboxylic Anhydride (111: R=Ph).—A mixture 
of | : 4-diphenylbutadiene (6g.) and the anhydride (I) (4g.) was gently boiled in nitrobenzene 
(25 c.c.) solution for 3 hours, and then left overnight at room temperature. Nitrobenzene was 
removed by steam distillation. The solid residue crystallised from benzene in fine needles, m.p. 
217-18", yield 5.6 g. (Found: C, 80.5; H, 5.3. C,3H,.O3 requires C, 80.7 ; H, 5.26%). 


4: 7-Diphenylhydrindene (IV).—The adduct (II: R=Ph) (6g.) and soda-lime (6g.) were 
thoroughly mixed and heated in a test tube under reduced pressure. The liquid distillate 
obtained was taken in ether, dried, and distilled under reduced pressure. The liquid distillate 
had a pinkish fluorescence and solidified on cooling. It was crystallised from rectified spirit, 
m.p. 108°, yield 2 g. (Found : C, 92.95; H, 6.7. C.,Hjs requires C, 93.3 ; H, 6.7%). 


4:7:8: 9-Tetrahydro-4-phenyl-7-(p-tolyl)-hydrindene-8 : 9-dicarboxylic Anhydride (Il : R= 
p-Tol).—1-Phenyl-4-(p-tolyl)-butadiene (10g.) and the relevant anhydride (8g.) were heated 
in xylene solution and worked up as in the former case. The adduct crystallised from benzene, 


m.p. 188-90°, yield 8g. (Found : C, 80.40; H, 6.4. C,.,H».O3 requires C, 80.44; H, 6.14%). 


The adduct dissociated into its components when heated with soda-lime under reduced 
pressure. 


= 
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Formation of the Adduct (V).—| : 8-Diphenyloctatetraene (7g.) and the anhydride (I) (7g.) were 
refluxed in xylene solution for 10 hours till the yellow colour of the diene almost faded away. The 
adduct was worked up as in other cases. It crystallised from xylene, m.p. 206°, yield 3.5g. 
(Found: C, 81.9; H, 6.4. C,,H,,O; requires C, 81.86; H, 6.06%). The adduct (V) decom- 
posed during decarboxylation. 


7-Methyl-(2': 3'-dioxymethylene-4 : 5-benzo)-6 : 7 : 8 : 9-tetrahydrohydrindene-8 : 9-dicarboxylic 
Anhydride (V1).—isoSafrol (10g.) and the anhydride (I) (8g.) were heated in xylene solution and 
the adduct separated as in other cases. It was crystallised first from acetic anhydride and then 
from benzene, m.p. 172°, yield 4 g. (Found: C, 68.0; H, 4.95. C,;H,,0; requires C, 68.0; 
H, 5.3%). The adduct decomposed on heating with soda-lime. 


4: 7-Diphenyl-4 : 7-endoxo-(2': 3'-dimethyl-5 : 6-benzo)-4 : 7 : 8 : 9-tetrahydrohydrindene-8 : 9- 
dicarboxylic Anhydride (VII).—1: 3-Diphenyl-5 : 6-dimethylisobenzofuran (2g.) (Adams and 
Marvin, J. Amer. Chem. Soc., 1940, 62, 57) and the anhydride (I) (1.5g.) in xylene (10 c.c.) were 
gently boiled for 3 hours. The adduct separated on cooling and was crystallised from benzene in 
colorless cubes, m.p. 286°. (Found: C, 79.85; H, 5.41. CogH.sO, requires C, 79.81; H, 
5.5%). 

9: 10-cycloPenteno-2 :7-dimethyl-| : 2:3: 4:5:6:7:8:9: 10: 11: 14-dodecahydrophenan- 
threne-9-10-dicarboxylic Anhydride (IX : R=Me ; R’=H).—4: 4’-Dimethyl-1 : |’-bicyclohexenyl 
(VIII : R=Me ; R’=H) (15g.) and the anhydride (I) (10.g.) in dry xylene were heated for 9 hours 
and worked up as before. The adduct crystallised from ethanol in needles, m.p. 115°, sintering 
earlier ; yield 8g. (Found: C, 77.2; H, 8.69. C.,H..O3 requires C, 76.82 ; H, 8.53%). 


2 : 7-Dimethyl-9 :10-cyclopentenophenanthrene (X : R=Me ; R’=H).—The foregoing adduct 
(6 g.) mixed with soda-lime (8g.) was heated under reduced pressure. The liquid distillate was 
taken in ether, dried with calcium chloride, and the solvent removed. The residual liquid (2.5g.) 
was mixed with selenium (7g.) and heated at 300-20° for 24-hours, extracted with ether, the solvent 
removed, and the residue distilled over sodium under reduced pressure. The first fraction of 
the distillate is a liquid and the second fraction, a solid (Ig.). The solid fraction was converted 
into picrate, the hydrocarbon regenerated from it and crystallised from ethanol in fine needles, 
tn.p. 163°. (Found: C, 92.7; H, 7.48. CygH,s requires C, 92.68 ; H, 7.31%). 


The picrate was obtained from ethanolic solution in orange needles, m.p. 152°. (Found: 
C, 62.85; H, 4.5. (C,.sH,,O,Ns requires C, 63.15; H, 4.42%). The trinitrobenzene complex 
had m.p. 172°. (Found: C, 65.1; H, 4.7. CssH2,OgNs requires C, 65.35 ; H, 4.57%). 


5 :5'- Dimethyl-1 : was reduced with aluminium 
amalgam in dry benzene in the usual manner. The crude diol was dehydrated by anhydrous 
potassium bisulphate at 160-80°. The diene distilled at 129-30°/12 mm. (Found: C, 88.23; 
H, 11.36. C,gHoe requires C, 88.42 ; H, 11.57%). 


Synthesis of 3 : 6-Dimethylphenanthrene.—5 : 5'-Dimethyl-1 : |'-bicyclohexeny] (7g.) was heated 
with maleic anhydride (10g.) in dry xylene (12 c.c.) at 140-50° for 5 hours. After removal of the 
xylene the adduct was obtained as a solid mass. The potassium salt of the adduct was prepared 
with caustic potash, and the dry salt was mixed with soda-lime and heated under reduced pressure 
when a liquid distillate (Ig.) was obtained. This was dried over sodium sulphate and then heated 
with 10% Pd-C (0.1g.) at 300-20° for 12 hours. The dehydrogenated product was extracted 
with benzene, the solvent removed, and the residual hydrocarbon was purified through its pic- 
rate. The hydrocarbon had m.p. 140°. (Found: C, 93.0; H, 6.9. Cale. for CygHig : C, 93.2 ; 
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H, 6.79%). The picrate obtained from ethanolic solution in orange needles had m.p. 172°. 
Haworth (J. Chem. Soc., 1934, 458) records m.p. of 3: 6-dimethylphenanthrene and its picrate 
as 141° and 171° respectively. 


3 : 6-Dimethyl-9 : 10-cyclopentenophenanthrene (X : R=H ; R'=Me).—5 : 5'-Dimethyl-! : |’- 
bicyclohexenyl (IX : R=H; R’=Me) (8g.) and the anhydride (I) (5g.) in dry xylene were heated 
for 8 hours and worked up as before. The adduct could not be obtained in an analytically pure 
form. The dry adduct was mixed with soda-lime and heated under reduced pressure. The liquid 
distillate (2g.) was dried and heated with 10% Pd-C (0.2g.) at 300-20° for 12 hours. The de- 
hydrogenated product was extracted with ether and distilled to afford a solid fraction (1.2g.). This 
was converted into the picrate and the regenerated hydrocarbon was crystallised from ethanol in 
colorless needles, m.p. 175°. (Found : C, 92.3; H, 7.7. CygHys requires C, 92.68 ; H, 7.31%). 


The picrate was obtained as deep red needles, sparingly soluble in ethanol, m.p. 185°. (Found : 
C, 63.45; H, 4.51. C,.sH.,O;N, requires C, 63.15; H, 4.4%). The trinitrobenzene complex 
was obtained from ethanolic solution in orange needles, m.p. 220°. (Found: C, 65.2; H, 4.7. 
C.3;H.,0,Ns requires C, 65.35 ; H, 4.57%). 


| : 2-Dihydro-| : 2-3 : 4-bicyclopentenophenanthrene-| : 2-dicarboxylic Anhydride (X1).—\-(«- 
Naphthyl)-cyclopentene-! (Bachmann and Kloetzel, J. Amer. Chem. Soc., 1938, 60, 2204) (5g.) and 
the anhydride (I) (4g.) in nitrobenzene (25 c.c.) were refluxed gently for 2 hours. The solvent was 
removed and the residue crystallised from glacial acetic acid, m.p. 164-65°, yield 2g. (Found: 
C, 79.63 ; H, 5.37. Cy9H,,03 requires C, 80.0 ; H, 5.45%). 


| : 2-3 : 4-Bicyclopentenophenanthrene (XII).—The adduct (XI, 2g.) was mixed with soda- 
lime and heated at 250°-300°/10 mm, when a distillate (1.2g.) was obtained. This readily solidified 
and crystallised from ethanol in colorless flakes, m.p. 137-38°. (Found : C, 92.65; H, 7.2. CopHis 
requires C, 93.02 ; H, 6.97%). 


9 : 10-cycloPenteno-3 : 4-5 : 6-dibenzo-octahydrophenanthrene-9 : \0-dicarboxylic Anhydride 
(XIII : R=H).—3: 4: 3’: 4’-Tetrahydro-! : 1’-dinaphthyl (10g.) (Weidlich, Ber., 1938, 71, 1203), 
and the anhydride (I) (8g.) in xylene (30 c.c.) were refluxed for 18 hours. The solvent was 
removed and the adduct was crystallised from acetic anhydride, m.p. 262°, yield 5g. (Found : 
C, 81.7; H, 5. 8. C.,H.4Os requires C, 81.8 ; H, 6.0%). 


7: 7'-Dimethyl-3 : 4 : 3’ : 4'-tetrahydro-| : \'-dinaphthyl.—7-Methyltetralin-|-one was reduced 
with aluminium amalgam in dry benzene-ethanol medium according to the usual procedure, 
and the diol obtained was dehydrated by heating with glacial acetic acid. The diene thus formed 
was crystallised from acetic acid as a colorless substance, m.p. 110°. (Found: C, 92.0; H, 7.9. 
requires C, 92.3; H, 7.69%). 


9: 10- cycloPenteno-3: 4-5: 6-bis- ( 2'-methylbenzo )-octahydrophenanthrene-9 : 1\0-dicarboxylic 
Anhydride (XII1: R=Me). —7 : 7’-Dimethyl-3 : 4: 3’: (5g.) and 
the anhydride (I) in xylene (20 c.c.) were refluxed for 18 hours and worked up as in the former 
case. The adduct was crystallised from toluene, m.p. 245°, yield 2.2g. (Found : C, 81.7; H, 6.2. 
C.sH2.O03 requires C, 82.07 ; H, 6.6%). 


9: 10-Benzo-| : 4-diphenyl-| : 4-endocarbonyl-| : 2: 3: 4-tetrahydro-2 : 3-cyclopentenophenan- 
threne-2 : 3-dicarboxylic Anhydride (XIV).—Phenecyclone (8g.) and the anhydride (I) (6g.) in 
xylene (30 c.c.) were heated at 150° for 3 hours. No carbcn monoxide was evolved during conden- 
sation. On cooling colorless crystals of the adduct separated. This was collected, washed with 
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benzene and crystallised from acetic anhydride in fine needles, m.p. 285° (decomp.), yield 8g. 
(Found : C, 83.21 ; H, 4.67. CsgH2,O, requires C, 83.07 ; H, 4.61%). 


9: 10-Benzo-| : 4-diphenyl-2 : 3-cyclopentenophenanthrene-2 : 3-dihydrodicarboxylic Acid (XV).— 
The foregoing adduct (XIV) (2g.) was heated in tetralin (20 c.c.) at 200° until the evolution of 
carbon monoxide had ceased (about 3 hours). The solvent was removed by steam distillation and 
the residual solid was crystallised from acetic acid, m.p. 303° (decomp.). (Found: C, 82.3; 
H, 4.8. C3;Ho.0, requires C, 82.34 ; H, 5.09%). 


No attempt was made to separate isomers formed in the Diels-Alder reaction. 


The expenses incurred during this investigation were met from a research grant obtained 
from the Government of West Bengal. The micro-analyses were done by the National Chemical 
Laboratory, Poona. 


CuemicaL LaporaTory, 
Presiwency COLLEGE, Received March 30, 1960. 
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STUDIES ON COLOUR AND CONSTITUTION. PART I. 
VERIFICATION OF FORSTER’S AND KNOTT’'S RULES 


By B. Das, B. K. PATNAIK AND M. K. ROUT 


Verification of Forster's and Knott's rules has been achieved with the help of the absorption maximum data of the 
following groups of compounds : (a) unsymmetrical cyanines and their aza analogues, (5) p-dialkylaminostyryl dyes and their 
aza analogues, (c) merocarbocyanines and their aza analogues, and (d) p-dialkylaminobenzylidene derivatives of ketomethy- 
lene compounds and their aza analogues. 


The present investigation deals with verification of Forster's rule (Z. Elektrochem., 1939, 45, 
548) and Knott's rule (J. Chem. Soc., 1951, 1024) which correlate structural change at any point 
lying between two auxochromic atoms with light absorption of the concerned dye. Several 
unsatisfactory rules were also put forward by Lewis (J. Amer. Chem. Soc., 1945, 67, 770 ; Lewis 
and Calvin, Chem. Rev., 1939, 25, 273). Knott's rule may be more correctly regarded as a corol- 
lary to Forster's rule. 


Forster's rule is applicable to ionic dyes and it states that the absorption maximum of the dye 
will increase with the decreasing tendency of the chain of chromophoric atoms lying between two 
auxochromes to take up the characteristic charge. The relative contributions of the participating 
structures in a resonance hybrid determine the nature of the charge and its distribution on the 
chromophoric atoms. But since the chromophoric atoms carry charges only in the excited state, 
it follows that the absorption maximum will increase with increase in energy of the interauxochro- 
mic, ionic excited structure. 


Before applying the rule to specific examples, it is necessary to consider all the possible struc- 
tures contributing to the hybrid and to assess the effect of a particular structural change on the 
significance of each structure. A structural change in all cases appears to increase the contribution 
of some structures and to decrease that of others. The change in absorption maximum following 
such a structural change will therefore be the resultant of the effects of the contributions of all the 
participating structures causing both hypsochromic and bathochromic shifts. 


Knott's rule, on the other hand, is rather empirical and has its basis in Forster's rule. It 
states that if the carbon atom, at which replacement takes place, is separated from the active 
auxochromic atoms by an odd number of conjugated atoms, a hypsochromic shift results, whilst 
a separation by an even number of atoms results in a bathochromic shift. 


The following groups of compounds were prepared to verify the theoretical observations of 
Forster and Knott : 


(a) Merocarbocyanines derived from pyrazolone, isooxazolone, and rhodanines as the acidic 
nuclei and 4-phenylthiazole as the basic nucleus and their aza analogues. 

(6) p-Dimethylaminobenzylidene derivatives of ketomethylene compounds and their aza 
analogues. 

(c) p-Dialkylaminostyryl dyes and their aza analogues. 


(d) Unsymmetrical cyanines and their aza analogues. 
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The merocarbocyanines (I: X=CH) were prepared by condensing either (i) the 5-ethoxy- 
methylene-ketomethylene compounds (formed by the reaction of the ketomethylene compounds 
with triethyl orthoformate in acetic anhydride) with 4-phenyl-2-methylthiazole methiodide or 
(ii) 2-(2-acetanilidovinyl)-4-phenylthiazole methiodide (formed by the reaction of 4-phenyl- 
2-methylthiazole methiodide with diphenylformamidine in acetic anhydride) with the ketomethy- 
lene compound in absolute ethanol and triethylamine. The corresponding aza analogues (I: X=N) 
were prepared by the reaction of 4-phenyl-2-aminothiazole methiodide and the 5-ethoxymethylene- 
ketomethylene compound in absolute ethanol and triethylamine. 


Ph.C—N.Me O=C-——NR 
q | C™ | | 
HC C=X—CH=C OS 


(I:R=Et) 


(b) Nucleus B 


In the dyes of the type (I), excited structures carrying C~ have greater significance than 
structures carrying C*, because structures carrying C~ contain one double bond more than 
the structures carrying C*. When —CH— is replaced by =N—, the relative contribution of 
(Ib: X=N) to the resonance hybrid will be more than (Ib: X=CH) because of the greater 
‘stability of —N— as compared to —CH—. According to Forster's rule, the increasing tendency 
of the methin chain to retain the characteristic charge would result in decrease in absorption maxi- 
mum. Hence replacement of =CH— by =N— in (I) would result in a hypsochromic shift. 
This has actually been realised by measuring the absorption maxima data (Table I). 


TABLE I 

*Nature of nucleus B. Amax. 
X=CH. X=N. 

Rhodanine 470 mp Hypsochromic 
3-Phenylrhodanine 485 Do —25 mp 
3-0-Tolylrhodanine 485 
3-p-Tolylrhodanine 480 
3-m-Tolylrhodanine 480 
3-Ethylrhodanine 480 
3-m-Chlorophenylrhodanine 478 
|-Phenyl-3-methylpyrazolone 501 490 Do 
3-Phenylisooxazolone 4% 490 Do —6 


* Vide structure (Ib). 


+ @ 
Ph.C—-N.Me O=C——N.R 
H —X—CH = 
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Forster's rule has also been verified by preparing the compounds of category (6). The 
p-dimethylaminobenzylidene derivatives of ketomethylene compound (I1: X=CH) were pre- 
pared by condensing the ketomethylene compounds with p-dimethylaminobenzaldehyde in 
absolute ethanol in presence of piperidine. The corresponding aza analogues were prepared by 
reaction of the heterocyclic ketomethylene compounds with p-nitrosodimethylaniline. The 
various carbonyl-containing nuclei included in the present investigation are isooxazolone, pyrazo- 


lone, rhodanine, and thiohydantoin. 


=0 
al 
(a) 
(II) 
—c—o7 
— NMe, 


In these compounds, the significant excited structure involves —X* and not —X~ as in (I). 
For the replacement of =CH— by =N-—, the relative contribution of (IIb: X=N) to the resonance 
hybrid will be less than (IIb: X=CH) because of the greater stability of —CH*- as compared 
to —N*-. Therefore in accordance with Forster's rule, a bathochromic shift is predicted for 
such structural change from =CH— to =N—. The experimental data recorded in Table II are 
in agreement with the theoretical observations made above. 


TABLE I] 
Nature of nucleus A*. max **Observed 
X=CH. X=N. 
3-Phenylisooxazolone F 490 mu 545 mp 55 mp 
1-Phenyl-3-methylpyrazolone 470 520 50 
3-Phenylrhodanine 480 505 25 
3-m-Tolyl-2-thichydantoin 450 470 20 


* Vide structure (IIa). 
** Bathochromic shift in all cases as expected. 


The same conclusions are also reached from a study of the absorption maximum data 
of p-dialkylaminostyryl dyes. The p-dimethylaminostyryl dyes (II]: X=CH) were prepared by 
condensing the methiodides of the heterocyclic bases with p-dimethylaminobenzaldehyde in abso- 


(6) 
3 
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lute ethanol and piperidine. The aza analogues (III : X=N) were prepared by the action of the 
quaternary salts on p-nitrosodimethylaniline. 


— 
NM 
(111) (a) 
— 
jj C=cH-x-¢ NMe, 
WY — 


In (IID), the most likely excited structure involves —X*- and not —X=, on the basis of consi- 
derations which hold good in case of (II) and also 8-anilinovinyl derivatives and its aza analogues 
(Knott, J. Chem. Soc., 1951, 1586). And as —CH~ is more stable than —N* , such replacement 
of =CH— by =N-—, in accordance with Forster's rule, should result in a bathochromic shift as 
observed in (II). The experimental results recorded in Table III justify the theoretical observa- 
tions made above. It is interesting to note that in these compounds (III), the chromophoric 
atom at which the replacement takes place is separated from the active auxochromic atoms by an 
even number of conjugated atoms, and Knott's rule predicts a bathochromic shift for such com- 


pounds. 
TABLE III 
| 
CH = X NMe, 
| 
Me 
Nucleus A 
Nature of nucleus A. * Observed 
shift. 
X=-CH XEN 
Quinoline-2 - 527 mp 590 mu 63 mp 
4-Phenylthiazole 490 530 40 
4-p-Bromophenylthiazole } 490 540 50 
4-p-Chlorophenylthiazole 490 530 40 
Pyridine-2 459 490 31 


* * Bathochromic shift in all cases as expected. 
Consideration of the absorption data of unsymmetrical cyanines and their aza analogues also 
demonstrates the soundness and general applicability of both the rules. In these compounds (IV), 


a 

4 
= 
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the chromophoric atom at which replacement takes place is separated from the active auxochromic 
atoms by an odd number of conjugated atoms. Hence Knott's rule predicts a hypsochromic 


shift. 


Me. N——C. Ph 
| C@CH=CH),—X=C CH 
( V) < Me Ph 
| 
L C(— CH CH), —X-— CH 
(b) 


In the structure (IV), the negative charge in —N~- (IVb: X=N) is retained with more ease 
than in —CH= (IVb: X=CH). Hence the azacyanine, in accordance with Forster's rule, would 
absorb at a lower wave length than the corresponding unsymmetrical cyanine. The experimental 
results in Table IV confirm the above theoretical observations. 


TABLE IV 
Ib 
cH, 
Nature of nucleus A. Nature of nucleus B. Value Amasz. * Observed 
fan. shift. 
X=CH. X=N. 
Benzothiazole 4-Phenyl-T + 0 418 mp 375 mp -43 rp 
Quinoline-2 - 475 405 —70 
Benzothiazole - 540 470 —70 
Quinoline-2 1 600 520 80 
Benzothiazole 2 640 565 —75 
Benzo-T 2 660 580 —80 
4-p-Bromophenyl-T 2 640 590 —50 
” 4-p-Ethoxyphenyl-T 2 640 560 —80 
Quinoline-2 4-Phenyl-T 2 700 590 —10 
4-p-Bromophenyl-T 2 6% 590 —105 
Benzothiazole 4-Phenyl-T 3 740 655 —85 
4-p-Ethoxypheny|-T 3 740 650 —90 
Quinoline-2 4-Pheny-T 3 70 670 —120 
4-p-Bromophenyl-T 3 790 670 —120 
+ T denotes thiazole. 


* Hypsochromic shift in all cases as expected. 
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EXPERIMENTAL 

5-( 
aminothiazole methiodide (1.6 g.) and 5-ethoxymethylene-3-p-tolylrhodanine (1.4 g.) were boiled 
in absolute ethanol and triethylamine for 30 minutes. After removing excess of the solvent, the 
product was washed with and recrystallised from absolute ethanol, m.p. 230-31°, yield 45%. 
(Found : C, 59.53; H, 3.87. C.,H,,ON3S; requires C, 59.58 ; H, 4.02%). 


The analytical data of the compounds derived from other ketomethylene nuclei are recorded 
in Table V. 


TABLE V 
Aza analogues of merocarbocyanines. 
Nature of Rt. Yield. MP. Formula. 
H 50% *233° 50.33 50.40 3.21 3.30 
Phenyl 40 300° 58.37 58.53 3.72 3.90 
o-Tolyl 40 *224-26°  C,,H,;ON;S; 59.40 5958 410 4.02 
m-Tolyl 45  221-22° C.,H,;0N,S, 59.50 5958 383 4.02 
Ethyl 60 192-93° C,6H,;ON;S; 53.31 53.49 4.03 4.17 
m-Chlorophenyl 40 300° 53.81 54.00 3.18 3,37 


+ Vide structure (I a: X=N). 
* Melted with decomposition. 


5-(p- (0.4 
g.) and p-nitrosodimethylaniline (0.3 g.) were boiled in absolute ethanol in presence of piperi- 
dine for | hour. The desired product, separated on cooling, was recrystallised from ethanol in 
orange-brown needles, m.p. 249°, yield 50%. (Found: C, 63.80; H, 5.11. C,sH,,ON,S 
requires C, 63.91 ; H, 5.33%). 


The analytical data of other compounds are shown in Table VI. 


TABLE VI 
Aza analogues of p-dimethylaminobenzylidene derivatives of ketomethylene compounds. 
Nature of nucleus A*. Yield. MP. Formula. ea Phe ae 
3-Phenylrbodanine 70% 145° 59.81 59.72 441 4.33 
3-Phenylisooxazolcne 70 138° C,7His0.N; 69.61 69.50 5.12 5.34 
1-Phenyl-3-methylpyrazolone 60 147° CisHisON, 70.60 70.43 5.88 5.64 


* Vide structure (II: X=N). 


lodide.—4-Phenyl-2-methylthia- 
zole methiodide (0.64 g.) and p-nitrosodimethylaniline (0.3 g.) were boiled in absolute ethanol 
in presence of piperidine (2 drops) for 30 minutes. The desired product separating on removal 
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of excess of solvent was recrystallised from ethanol in pink needles, m.p. 209°, yield 50%. (Found : 


C, 50.64 ; H, 4.23. CysHooNsIS requires C, 50.78 ; H, 4.45%). 


The analytical data of other such compounds are shown in Table VII. 


TABLE VII 
CH, 
Aza analogues of p-dimethylaminostyryl dyes. 

Nature of nucleus A. Yield. MP. Formula. °» Carbon. "4 Hydrogen. 
Found, Cok. Found. Cale. 
45 193° 43.18 43.00 356 3.40 
4-p-Chlorcphenylthiazole 55 190° 47.17 4703 381 3.48 
Quincline-2 50 195° 5468 5453 480 462 
Pyridine-2 50 178° CysHysNol 49.05 4883 490 5.05 


[3-Methyl-2-benzothiazole] lodide-—2-Me- 
thylmercaptobenzothiazole methiodide (0.32 g.) and 4-phenyl-2-aminothiazole methiodide (0.32 g.) 
were boiled in absolute ethanol and triethylamine for 10 minutes. The product separating on 
(Found : C, 46.32; H, 3.29. 


cooling was recrystallised from ethanol, m.p. 246°, yield 45%. 


CisHigNsIS. requires C, 46.45 ; H, 3.44%). 


[3-Methyl-2-benzothiazole] 


brown needles, m.p. 210-11°, yield 50°. 


C, 48.87 ; H, 3.66%). 


lodide.— 
4-Phenyl-2-aminothiazole methiodide (0.32 g.) and 2-(2-acetanilidovinyl)-benzothiazole methiodide 
(Patnaik and Rout, this Journal, 1958, 35, 511) (0.44 g.) were boiled in dry pyridine for 5 minutes. 
The desired product separated on addition of water. 
(Feund : C, 48.64; H, 3.50. C.oH,,N,IS. requires 


It was recrystallised twice from ethanol in 


[3-Methyl-2-benzothiazole] lodide.— 
2-(4-Acetanilido-| : 3-butadienyl)-benzothiazole methiodide (Patnaik and Rout, loc. cit.) (0.46 g.) 
and 4-phenyl-2-aminothiazole methiodide (0.32 g.) were boiled in dry pyridine in presence of 


triethylamine for 7 minutes. The desired product separated on pouring to water. 
(Found : C, 50.90; H, 3.64. C..HooNsIS, 


recrystallised from methanol, m.p. 160°, yield 50%. 


requires C, 51.06 ; H, 3.87%). 


It was 


[3-Methyl-2-benzothiazole] lodide.— 
4-Phenyl-2-aminothiazole methiodide (0.32 g.) and 2-(6-acetanilido-| : 3: 5-hexatrienyl)-benzo- 
thiazole methiodide (Patnaik and Rout, loc. cit.) (0.49 g.) were boiled in absolute ethanol and 
triethylamine for 5 minutes. The desired product separated on chilling. 


from ethanol, m.p. 175-76°, yield 45%. 


C, 53.04 ; H, 4.05%). 


(Found: C, 52.88; H, 3.90. C,sH..N;IS, requires 


It was recrystallised 
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The analytical data of other azacyanines are shown in Table VIII. 


TABLE VIII 
Unsymmetrical azacyanines. 


*Nature of *Nature of Value Yield. MP. Formula. 
nucleus A. - nucleus B. of n. 


4-Phenyl-T 0 50% 246-47° CapHysNgIS 

Benzo-T 2 250-51° 
4-p-Methoxyphenyl-T 135° 
4-p-Bromophenyl-T 185-86° 
4-p-Ethoxyphenyl-T 2 175-76° 
4-Phenyl-T 2 195° 
4-p-Ethoxyphenyl-T 3 212-13° 


Quinoline-2 4-Phenyl-T 3 210-12° 
Vide Table IV for the structures (X=N). 


The authors are grateful to the Board of Scientific and Industrial Research, Orissa, for research 
grants to carry out this investigation. 


Mayursuany Laporatory, 
RavensHAw COLLEGE, 


Cuttack-3. 


Received June \0, 1960. 
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Found. Cale. Found. Calc. 
Quinoline-2 52.29 5220 3.93 3.81 
5443 5430 412 401 
ce Benzothiazole 50.86 50.70 424 4.10 
50.46 50.23 402 391 
4430 44.16 3.19 3.03 
51.34 51.17 428 4.10 
Quinoline-2 56.37 56.19 430 4.20 
Benzothiazole 53.16 5302 443 422 
: 
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SYNTHESIS OF SUBSTITUTED QUINOLINE DERIVATIVES AND SEPARATION 
OF ISOMERS 


By A. G. MUNSHI * 
Bromo (5 and 7)- 6-methoxy-4-hydroxyquinolines have been synthesised and the isomers separated. 


Recently substituted 4-aminoquinoline derivatives in a large number, containing substituents 
in different positions, have been reported by various investigators (Surrey and Hammer, J. Amer. 
Chem. Soc., 1946, 68, 113 ; Hauser et al., ibid., 1946, 68, 1232 ; Reed et al., ibid., 1946, 68, 1239 ; 
Von Arendront and Shoule, ibid., 1944, 66, 1285; Price and Roberts, ibid., 1946, 68, 1204; 
Magidson and Roleston, J. Gen. Chem. Phys., USSR., 1937, 7, 1896). Some of these quinoline 
derivatives have been reported to possess antimalarial properties (Steck et al., J. Amer. Chem. Soc., 
1946, 68, 129). 

With the idea that the introduction of the bromine atom and the methoxy group might enhance 
the activity and permeability of the drug, the synthesis of the following type of compounds was 
undertaken. 


NH——CH CH,— CH,— CH,— NEt, 


\s Me 
7 


(X=Br] 


3-Bromo-4-methoxyaniline was condensed with ethyl oxalacetate in glacial acetic acid. The 
condensed product was cyclised by pouring it into liquid parafhin, heated to 260°. The solid 
separating on cooling was found to be a mixture of two isomers, 5-bromo- and 7-brome- 
6-methoxy-4-hydroxyquinoline-2-carboxylates. 

When m-substituted aniline is used in the reaction as a starting material, two isomers are 
possible. The isomers have high melting points. A mixture of this type can be separated by 
fractional crystallisation. 7-Isomer is less soluble and melts at a higher temperature (Surrey and 
Hammer, loc. cit.). These authors carried out the separation of isomers generally at the ester 
stage, but in certain cases this method did not work successfully. 

The 7- and 5- bromo isomers have been separated by crystallisation from acetic acid and 
conform to the observations of Surrey and Hammer (loc. cit.) as regards solubility and m.p. 

The first isomer on hydrolysis with sodium hydroxide solution furnishes 7-bromo-6-methoxy- 
4-hydroxyquinoline-2-carboxylic acid, which on decarboxylation yields 7-bromo-6-methoxy-4- 
hydroxyquinoline. 

The second isomer (5-bromo-) on hydrolysis by alkali yields 5-bromo-6-methoxy-4- 
hydroxyquinoline-2-carboxylic acid. The quantity of this quinoline acid, thus obtained, was 
very small. Further investigation is in progress. - 


EXPERIMENTAL 


Ethyl 5- or 7-bromo-6-methoxy-4-hydroxyquinoline-2-carboxylate was prepared by heating a 
mixture of ethyl oxalacetate (14 g.), 3-bromo-4-methoxyaniline (25 g.) and glacial acetic acid 
(60 c.c.) at 50-60° for 4 hours.. The reaction mixture after keeping overnight was poured into 
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ice-water. It was neutralised with 35° NaOH solution. The ether extract of the product after 
washing alternately with HCl (0.5 N) and NaOH (0.5 N) was dried over potassium carbonate. 
After removal of the ether, the residual oil (18 g.) was added to liquid paraffin at 250°. The 
separated solid was filtered and washed with petrol. The crude product showed a wide range of 


melting point. 

Separation of Isomers—The above mentioned product was crystallised from five times its 
weight of hot acetic acid. 7-Bromo isomer first crystallised out as small yellow needles, m.p. 278° 
(decomp.). (Found : Br, 24.73. C,3;H,,O,NBr requires Br, 24.54%). The filtrate was diluted with 
water, when impure 5-bromo isomer was obtained. After repeated crystallisations from acetic 
acid and ethanol, the pure ester was obtained, m.p. 222°. (Found: Br, 24.84. C,,;H,.O,NBr 
requires Br, 24.54%). 

7-Bromo-6-methoxy-4-hydroxyquinoline-2-carboxylic acid was obtained by hydrolysing the corres- 
ponding ester. It crystallised from acetic acid in small yellow needles, m.p. 283° (decomp.): 
(Found : Br, 26.98. C,,H,O,NBr requires Br, 26.85%). 

7-Bromo-6-methoxy-4-hydroxyquinoline was obtained when the 7-bromo acid was decarboxy- 
lated by heating it in liquid paraffin. It crystallised from boiling ethanol as a white granular solid, 
m.p. 260°. (Found : Br, 31.80. C,oH,O,NBr requires Br, 31.50%). 


5-Bromo-6-methoxy-4-hydroxyquinoline-2-carboxylic acid was prepared by hydrolysing the 
5-bromo ester as before. It crystallised from acetic acid in small needles, m.p. 216°. 


7-Bromo-6-methoxy-4-chloroquinoline was prepared in the usual manner by heating 7-bromo- 
6-methoxy-4-hydroxyquinoline (6 g.) with POC), (24 c.c.) for 2 hours. The 4-chloro derivative 
crystallised from ethanol, m.p. 200°. 


Attempt to prepare  di- 
phosphate was made by refluxing the mixture of 7-bromo-6-methoxy-4-chlorcquinoline (4.1 g.) 
and 4-diethylamino-|-methylbutylamine (6.4 g.) for 7 hours at 160-80°. The hot reaction 
mixture was passed into 30 c.c. of 50°, acetic acid solution. It was then neutralised with a strong 
solution of NaOH. The ether extract of the alkaline mixture was dried, and on removal of ether 
a thick oil separated, which was converted into its diphosphate by treatment with phosphoric acid. 
All attempts to crystallise this compound failed. The melting point range was between 210° and 
215°. 


Thanks are due to authorities of the Gujarat University, Ahmedabad, for providing a grant 


for some chemicals used in this investigation. 
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DEVIATIONS OF MEROCYANINES DERIVED FROM BENZOTHIAZOLE AND 
SUBSTITUTED RHODANINES 


By B. K. SABATA, B. K. PATNAIK AND M. K. ROUT 


described. Absorption maxima of the compounds have been measured and the deviations talculated after taking into 
account the relative data for the corresponding symmetrical cyanines and oxonols. Effect of increasing chain length (by 
addition of vinyl groups) on the deviation in the above merocyanines has also been determined. 

In view of the observations already reported (Brooker et al., J. Amer. Chem. Soc., 1951, 73, 

- 5326) that deviation is greatly influenced by the extent of basicity or of acidity of the constituent 

nuclei in merocyanines, the effect of varying substitution on the rhodanine nucleus and that of 

increase in chain length on the deviations of merocyanines, derived from benzothiazole and rhoda- 
nines, have been studied. 


Mero-, merocarbo-, merodicarbo-, and merotricarbo-cyanines (I) derived from substituted 
rhodanines as the acidic component, and benzothiazole as the basic component have been prepared 
for this investigation. 


OC———NR 
| C (=CH CH),,=C cS 
Me (I: n=0, 1, 2, 3) 


The absorption data of the above merocyanines (in pyridine) are recorded in Tables I—IV. 

The deviations of the individual merocyanines were calculated by taking into consideration 
the absorption maximum of the merocyanine concerned and of the corresponding symmetrical cya- 
nine and the oxonol. The procedure is illustrated below by taking the case of merocarbocyanine 
(I : n=1), corresponding symmetrical cyanine and oxonol of which are (II) and (III) respectevely. 


Oc N. Tol 
| 
CG 
\n7 
(I) 
DPA 
WY \n7 4% 
Me Me 
Tol.N———CO Tal 


cs 


~ 
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The compound (II : n=1) and the oxonol (III : n=0) absorb at 565 and 522 my. If the two 
extreme structures of the merocyanine (I : n =1) were of the same energy, it would have absorbed 
at 543.5 mu, the mean value of the absorption maxima for (II : n=1) and (II: n=0). But actually 
its absorption maximum lies at 510 my, i.e., it falls short of the mean value by 33.5 mp, which is 
therefore the deviation in this case. 


The deviations for the mero-dicarbocyanines and mero-tricarbocyanines were similarly 
calculated by considering respectively the absorption maxima values of (a) (I : n=2), (I1: n=2), 
(III : n=1) for the mero-dicarbocyanine and (6) (I : n=3), (II: n=3), (II] : n=2) for the mero- 
tricarbocyanine and were found to be 40 my and 102 mu. The absorption maxima for the mono-, 
tri-, and penta-methinoxonols are considered to be 522, 620 and 715 mu respectively, and those 
for the tri-, penta- and hepta- methincyanines, 565, 660 and 760 my respectively. 


The above discussion indicates that deviation increases with increase in chain length. 


EXPERIMENTAL 


2-Methylmercaptobenzothiazole Metho-p-toluenesulphonate.— 2 -Methylmercaptobenzothiazole 
(3.62 g.) and methyl p-toluenesulphonate (3.72 g.) were heated for 16 hours at 110°. The solid 
cake obtained was pulverised, washed with acetone, and dried, m.p. 162°. It was directly used for 
dye formation without further purification. 

5-(3-Methylbenzothiazolin-2-ylidene)-3-phenylrhodanine—The preceding sulphonate (0.32 g.) 
and phenylrhodanine (0.2 g.) were refluxed in absolute ethanol in presence of triethylamine for 
7 minutes. The compound separated in straw-yellow plates. It was filtered hot and recrystal- 
lised from ethanol, m.p. > 280°, yield 70%. (Found : C, 56.40 ; H, 3.27. C,,HsON,S; requires. 
C, 56.53 ; H, 3.37%). The other merocyanines of this series are described in Table I: 


TABLE | 


Merocyanines (1: n=o). 
MP. Yield. Amax. 


52.24 


5-Ethoxymethylene-3-phenylrhodanine —3-Phenylrhodanine (2.0 g.) and ethyl orthoformate- 
(3 g.) were refluxed in pyridine for 5 minutes. After removing excess of pyridine under reduced 
pressure, the product was added to water. The crude product after washing with ethanol was 
used for dye formation without further purification. The pure material was obtained by recrystalli- 
sation from ethanol, m.p. 175°, yield 50%. (Found : C, 54.28 ; H, 4.03. C,.H,,O.NS, requires 
C, 54.35 ; H, 4.15%). 


5-[(3-Methyl-2-benzothiazolinylidene)-ethylidene|-3-phenylrhodanine—The above rhodanine 
(0.25 g.) and 2-methylbenzothiazole methiodide (0.29 g.) were refluxed in absolute ethanol and 


R. % Carbon. % Hydrogen. 

Found. Cale. Found. Cake. 

a Phenyl 280° 70%, 5640 5653 3.73.37 

o-Tolyl 265° 3623.8 
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triethylamine for 7 minutes. The product separating on cooling was filtered, dried, and recrystal- 
lised from hot ethanol, m.p. 168-69°, yield 50°. (Found : C, 59.50; H, 3.60. C,oH,,ON,S, 
requires C, 59.68 ; H, 3.66%). The other merocyanines of this series are described in Table II. 


TABLE II 
Merocarbocyanines (1 : n=1). 


MP. Yield... Amex. % Carbon. % Hydrogen. 
Found. Calc. Found. Calc. 


168-69° 50°, 510mp 59.50 59.68 3.60 3.66 
164° 35 510 61.12 61.44 3.98 4.04 


2-(4-Acetanilido-| : 3-butadienyl)-benzothiazole Methiodide—2-Methylbenzothiazole methiodi- 
de (2.91 g.) and 8-anilinoacrolein anil hydrochloride (2.58 g.) were heated under reflux in acetic 
anhydride (15-18 c.c.) for 70 minutes. The mixture was cooled and treated with ether, when 
a gummy mass was obtained. This solidified on being kept in contact with methanol. The pro- 
duct thus obtained was washed with acetone, affording a product pure enough to be used for dye 
formation. The pure material was obtained by recrystallisation from acetic acid, m.p. 160-62°, 
yield 40%. (Found : C, 51.31 ; H, 4.02. CopH,gON.IS requires C, 51.94; H, 4.11°%). 


5-[4-(3-Methylbenzothiazolin-2-ylidene)-buten- | -ylidene]-3-phenylrhodanine-—The above inter- 
mediate (4.6 g.) and 3-phenylrhodanine (2.0 g.) were boiled in absolute ethanol (20 c.c.) and 
triethylamine (1 g.) for 3 minutes. The product was filtered, washed with ethanol, and finally 
recrystallised from hot methanol from which it separated in green needles, m.p. 177°, yield 60°. 
(Found : C, 61.62; H, 3.78. C.,H,ON.S; requires C, 61.75; H, 3.92%). The other mero- 
cyanines of this series are described in Table III. 


TABLE III 
Merodicarbocyanines. 
R. MP. Yield: 


Phenyl 177° 
o-Tolyl 
m-Tolyl 168-69° 50 


p-Tolyl 188° 42 600 62.13 62.17 3.98 4.27 


246-Acetanilido-| : 3 : 5-hexatrienyl)-benzothiazole Methiodide.—2-Methylbenzothiazole meth- 
iodide (2.91 g.) and glutaconic aldehyde dianilide hydrochloride (2.84 g.) were refluxed in acetic 
anhydride for 6 minutes. The reaction mixture was treated with ether, when the solid product 
separated out. The product after acetone-wash was directly used for dye formation. Pure 
material was obtained by recrystallisation from acetic acid, m.p. 163° (decomp.), yield 35°). 
(Found : C, 53.27 ; H, 4.14. C2H2,ON,IS requires C, 53.99 ; H, 4.29%). 


5-[6-(Methylbenzothiazolin-2-ylidene)-hexa-2 : 4-dien-|-ylidene]-3-phenylrhodanine—The above 
intermediate (4.88 g.) and 3-phenylrhodanine (2 g.) were boiled in absolute ethanol and 
triethylamine (1.0 g.) for 2 minutes. The product separating on chilling was filtered, air-dried, and 


Phenyl 
o-Tolyl 
°¢ Carbon. °o Hydrogen. 
Found. Cale. - Found. Calc. 
%0 600 mu = 61.62 61.75 3.78 3.92 
605 61.88 62.17 4.18 4.27 ‘ 
600 62.03 62.17 4.05 4.27 


| 


616 ' B. K. SABATA, B. K. PATNAIK AND M. K. ROUT 


recrystallised from hot methanol in green needles, m.p. 180°, yield 60%. (Found: C, 60.58; 
H, 3.74. Css3HigONSs requires C, 60.79; H, 3.96%). The other merocyanines of this series are 
described in Table IV. 


: TABLE IV 
Merotricarbocyanines. 

R. MP. max. Yield. % Corben. Hydrogen. 

Found. Cok. Fomd Cok 
Phenyl 180° 635 me O58 793.74 
188-89° 635 an: en 
p-Tolyl 70°35 6308 «63.21 431 


The authors are grateful to the Board of Scientific and Industrial Research, Orissa, for a 


research grant to carry out this and continuing investigations. 
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POSSIBLE ANTIAMGBIC AGENTS. PART XII. SYNTHESIS OF 
SUBSTITUTED DIALKYLAMINOALKYLAMINOPYRIMIDINES 


By A. B. SEN AND O. P. MADAN 


Pyrimidines with basic side chains at 2 or 4 position have been prepared for studying their antiamebic activity. 


The antimalarial Chloroquin, a 4-aminoquinoline derivative, was introduced as an ameeba- 
cide by Conan (Am. J. Trop. Med., 1948, 28, 107) and Camoquin, a close analogue of Chloroquin, 
was studied by Hoekenga et al. (ibid., 1950, 30, 625). | Like emetine these are selectively absorbed 
and concentrated in liver tissues, and are therefore useful in the treatment of amebic hepatitis, 
although devoid of any significant action in intestinal ameebiasis. Chloroquin having a basic side 
chain is useful, specially in extra-intestinal amebiasis. The introduction of the basic side chains 
to different heterocyclic systems has resulted in the discovery of a number of effective antimalarials, 
and the promising use of certain antimalarials in the treatment of amebiasis has prompted a large 
number of workers to undertake the designing of new potential amebacides by the introduction 
of basic side chains to different heterocyclic systems (Elslager et al., J. Amer. Chem. Soc., 1957, 
79, 4699 ; 1958, 80, 451 ; Short et al., ibid., 1958, 80, 223 ; Wiley, ibid., 1951, 73, 4205 ; Mann and 
Turnbell, J. Chem. Soc., 1951, 747). The present work has been undertaken to prepare substi- 
tuted pyrimidines containing basic side chains with the same object. 


Two different types of substituted pyrimidines were prepared, viz., 2-y-dialkylaminoalkylamino- 
4: 6-dihydroxypyrimidines (I) and 4-y-dialkylaminoalkylamino-2: 6-disubstituted pyrimidines 
(II), by the condensation of substituted pyrimidines and different dialkylaminopropylamines. 


R’ 
HCLNH.CH,CH,CHNC 


1. Dipropyl" R’ = R" = Dialkyl groups. 
2. ibuty|" 
R’=R"= <3. Diamyl" R, & R, = Cl, OMe, OEt, and Me. 
4. Morpholino- 
5. Piperidino- 


2-y-Dialkylaminopropylamino-4 : 6-dihydroxypyrimidines were obtained by the condensation 
of 2-methylthio-4 : 6-dihydroxypyrimidine and five different dialkylaminopropylamines at 170°, 
following the method of King and King (J. Chem. Soc., 1947, 725). The reaction took place with 
evolution of methylthiol and a gummy product was obtained, which was purified by extraction 


with ethanol. , 


OH = 
N 
R R, R, 
HO NH.CH,CH, CH, NC 
R” 
(I) 
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4-y-Dialkylaminopropylamino-2 : 6-disubstituted pyrimidines were prepared by the direct 
condensation of 4-chloro-2 : 6-disubstituted (chloro, methoxy, ethoxy and methyl) pyrimidines 
and different amines, either in acetone or in absolute ethanol for 4 to 12 hours. Hydrochlorides 
were obtained by adding dry ether to the residue obtained after removing ethanol. 


EXPERIMENTAL 


Dialkylaminopropionitriles were obtained by refluxing the appropriate secondary amines with 
acrylonitrile on a water bath for } hour. The mixture was left overnight and purified by distilla- 
tion under reduced pressure (Whitmore ef al., J. Amer. Chem. Soc., 1944, 66, 727): 8-Di- 
propyl"aminopropionitrile, b.p. 102°/8mm ; 8-dibutyl"aminopropionitrile, b.p. 127°/6mm ; 8-di- 
amyl"aminopropionitrile, b.p. 152°/6mm ; $-morpholinopropionitrile, b.p. 130°/4mm ; 8-piperi- 
dinopropionitrile, b.p. 125-28°/5mm. 


Dialkylaminopropylamines.—The nitriles, thus obtained, were reduced catalytically at 60 |b. 
pressure using Raney nickel, following the method of Holcomb and Hamilton (J. Amer. Chem. 
Soc., 1942, 64, 1309). It is interesting to note that y-piperidinopropylamine, which has been 
obtained by high pressure hydrogenation (Whitmore et al., loc. cit.), is easily obtained at 60 |b. 
pressure in 65% yield. 


y-Dipropyl"aminopropylamine, b.p. 77-80° 5mm ; y-dibutyl"aminopropylamine, b.p. 115-16", 
12mm ; y-diamyl"aminopropylamine, b.p. 125°/5mm ; y-morpholoinopropylamine, b.p. 226°/748 
mm ; Y-piperidinopropylamine, b.p. 204-209°/748mm. 


Substituted Pyrimidines—The starting materials, barbituric acid and thiobarbituric acids, 
were obtained according to the methods given in the literature (““Org. Synthesis”, Vol. II, p. 60; 
Michael, J. prakt. Chem., 1894, ii, 49, 38). 


2-Methylthiobarbituric acid was prepared by the action of methyl sulphate on thiobarbituric 
acid in sodium bicarbonate solution (King and King, loc. cit.). 


2: 4: 6-Trichloropyrimidine was prepared from barbituric acid according to Gabrial (Ber., 
1900, 33, 3666) by heating with POC], in presence of dimethylaniline. It was distilled at 211- 
13°/750mm. 


2-Methoxy-4 : 6-dichloropyrimidine and 2: 6-dimethoxy-4-chloropyrimidine were prepared 
from 2: 4: 6-trichloropyrimidine by the action of sodium in methanol under cooling (Buttner, 


Ber., 1903, 36, 2234). 


6-Ethoxy-2 : 4-dichloropyrimidine was also obtained from 2: 4: 6-trichloropyrimidine, 
sodium, and ethanol by following the method of Winkelmann (J. prakt. Chem., 1927, ii, 115, 310). 


6-Methyl-2 : 4-dichloropyrimidine was prepared from 6-methyluracil (““Org. Synthesis’’, Vol. 
II, p. 422) by the action of POCI, in presence of dimethylaniline according to the method of 
Gabrial and Colman (Ber., 1899, 32, 1532). 


2-y-Dialkylaminopropylamino-4 : 6-dihydroxypyrimidines.—Five new 2-y-dialkylaminopropyl- 
amino-4: 6-dihydroxypyrimidines were synthesised by the condensation of 2-methylthiobarbi- 
turic acid (0.01 M) and the corresponding amines (0.01 M) at 170° (oil bath). The reaction took 
place with evolution of methylthiol. When no more of methylthiol was evolved, the reaction 


1 
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mixture was cooled, the product dissolved in ethanol and filtered to remove 2-methylthiobarbi- 
turic acid. On distilling off ethanol under reduced pressure the gummy residue was 
recrystallised from a mixture of acetone and ethanol. As the picrates of these compounds were 
found to be oily, picrolonates were prepared in the usual way, and recrystallised from absolute 
ethanol. The m.p., yield, analysis, etc. are reported in Table I. 


TABLE | 
Hydroxypyrimidines. Picrolonates. 
R’andR”. MP. %Yield. _°% Nitrogen. Formula. % Nitrogen. 
Found. Calc. Found. Cale. 
R, & R.=4:6-dihydroxy. 
Di-Pr*- 282° 74 22.95 210° 21.21 21.05 
Di-Bu"- 287° 71 18.86 18.91 192-93° 19.78 20,00 
Di-Am"- > 300° 86 16.9% 17.28 157° 18.85 19.04 
Morpholino- 147° 63 =. 21.90 22.22 182-84° 21.74 21.62 
Piperidino- 231° 75 21.90 22.04 198° 21.52 21.70 
Compounds No. | to 5 melted with decomposition. 
TABLE II 
Chloropyrimidines. Picrates. 
R,; and R'andR”. MP. %Yield. % Nitrogen. MLP. Formula. % Nitrogen. 
Found. Cale. Found. Calc. 
2:6-Dichloro Di-Pr’- 152° 64 «61752 17.63 ‘137 18.00 18.35 
Di-Bu’- 128° 57 15.66 
Morpholino- 126° 16.85 


Piperidino. 174° 4 1671 17.20 
2-Methoxy-6-chloro Morpholino- 178° 56 17.10 17.39 

Piperidino- 207° 61 17.12 17.44 
1732 17.58 200° CywHasOwN, 18.75 19.17 


2:6-Dimethoxy Morpholino- 176° 63 
*2-Chloro-6-ethoxy Piperidino- 135-36° 59 16.73 16.91  155-56° 18.62 18.57 
Morpholino- 77 «16.61 199° 18.47 18.71 
” Di-Am"- 252-53° 39 «13.37 (13.76 
*2-Chloro-6-methyl Morpholino- 78 «617.99 18.24 ‘147° 19.43 19.81 
Piperidino- 146 65 1812 1836 158° 19.58 19,90 
Di-Am"- 232° 19 1443 14.85 


Compounds are very hygroscopic * 


4-y-Dialkylaminopropylamino-2 : 6-dichloropyrimidines.— The apropriate amine (0.005 M) in 
acetone (5 c.c.) was added dropwise to a solution of trichloropyrimidine in little acetone under 
stirring and cooling. The monohydrochlorides separated as a crystalline mass within 15 to 20 
minutes or after little concentration and cooling, and these were recrystallised from dry acetone. 


and 
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4-y-Dialkylaminopropylamino-(2-methoxy-6-chloro-, -2 : 6-dimethoxy-, -2-chloro-6-ethoxy-, and 
-2-chloro-6-methyl)-pyrimidines were prepared by the following method: A mixture of 4-chloro- 
2: 6-disubstituted pyrimidine (0.005 M) and y-dialkylaminopropylamine (0.005 M) in 15 c.c. 
absolute ethanol was refluxed for 4 to 12 hours. Completion of reaction was noticed by a change 
of colour in the reaction mixture. Alcohol was removed under reduced pressure and dry ether 
was added to the residues. The monohydrochlorides separating out as crystalline solids were 
filtered, washed with dry ether and recrystallised from absolute ethanol, petroleum ether, benzene 
or dry acetone as required. Compounds.* (Table II) did not give a sharp m.p. as being very 
hygroscopic. These were characterised as their picrates. 


The m.p., yields, analysis, etc. of dialkylaminoalkylamino-substituted pyrimidines, their 
hydrochlorides, picrolonates, and picrates are reported in Table II. 


Cuemistry DEPARTMENT, 
Lucknow University, 
Lucknow. 
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CHEMISTRY OF AMINOBENZOTHIAZOLES: SOME RELATED THIO- 
CARBAMIDES, CARBAMIDES, CARBODI-IMIDES AND GUANIDINES 


By C. P. JOSHUA 


Several derivatives of thiocarbamide, carbamide, carbodi-imide, and guanidine containing a substituted or unsubs- 
tituted 2-aminobenzothiazole group are described. 


During the course of an investigation of the chemistry of certain heterocyclic bases, derived 
from aromatic thiocarbamides, it became necessary to synthesise thiocarbamides, carbamides, 
guanidines, and carbodi-imides related to 2-aminobenzothiazole. Except for N-2-benzothiazolyl- 
N'-phenylthiocarbamide (I) and the related urea (Kaufmann, G.P., 560, 944/1930), 2-benzothia- 
zolylguanidine (II) (Smith et al., J. Amer. Chem. Soc., 1931, 53, 4103; Niino, J. Pharm. Soc. 
Japan, 1953, 63, 249), and some of its other derivatives of which no preparatory details have been 
published (Roy et al., J. Sci. Ind. Res., 1955, 14B, 474), no other compounds of the above 


categories appear to have been prepared. 


A/\ 
C—NH—C—NHPh TNH. | \| C—NH—C—NHR 
S NH 


(1) 


[R=H or an aryl group] 

A number of N-2-benzothiazolyl-N’-arylthiocarbamides of the type (I) have now been pre- 
pared by the condensation of the desired 2-aminobenzothiazole with the appropriate aryl isothio- 
cyanate (Table I). These on treatment with yellow lead oxide in benzene afforded the related 
carbodi-imides (III) (Table II), which on hydrolysis formed the corresponding carbamides (IV) 
(Table III). The same carbamides have also been prepared by alternative routes, thus confirming 
the identity of the carbodi-imides. ‘ 


PbO 
Y 


(111) 


The N-2-benzothiazolyl-N’-arylthiocarbamides (I) in presence of lead oxide condensed with 
ammonia in a sealed tube to afford the related guanidines [cf. (II), Table IV]; their hydrochlorides 
and picrates were prepared and the equivalent weight of the former was determined. 


5 


|_| (ID | 
Ny +Ho 
C—N=C=NPh Oe. C—NH—C—NHPh 
(IV) 
a 


C. P. JOSHUA 
EXPERIMENTAL 
N-Aryl-N'-2-benzothiazolylthiocarbamides 


(i). Phenyl-, o-, m- and p-tolyl-, and p-phenetyl-thiocarbamides were prepared by boiling 
the respective amine thiocyanates, obtained in solution by mixing an aqueous solution of aminc 
hydrochloride and ammonium thiocyanate (this Journal, 1935, 12, 629). These thiocarbamides 
on their oxidation with bromine in inert solvents like benzene or chloroform gave the 2-aminoben 
zothiazole and 4-methyl-, 5-methyl-, 6-methyl-, and 6-ethoxy- 2-aminobenzothiazole respectively 
(Hunter, J. Chem. Soc., 1925, 2023, 2270 ; 1926, 1385 ; Kaufmann, Arch. Pharm., 1928, 266, 197). 


(ii). Phenyl, o-, m-, and p-tolyl isothiocyanates were prepared from the ammonium salt of the 
corresponding dithiocarbamate by the action of lead nitrate (Vogel, “A Text Book of Practcial 
Organic Chemistry”, 1954, p. 615). 


The benzothiazoles, described under (i) above, when mixed with equimolecular quantities of 
the appropriate isothiocyanate, described under (ii), and heated on a water bath for 3-4 hours, 
afforded the relative N-2-benzothiazolyl-N’-arylthiocarbamides in about 90% yield. The crude 
product was washed with ether, and then with HCl (dil.) to remove unchanged isothiocyanate and 
2-aminobenzothiazoles. The thiocarbamides were crystallised from chlorobenzene in shining 
crystals. Preparations, m.p. and analyses of the compounds are summarised in Table I. 


TABLE | 


Reactants. 
2-Amino-4-methyl-B ++ 0-tolyl I. N-oTolyl-N’-2-(4-methyl)- 184° 


N: 133 13.4 

S: 20.7 204 

2-Amino-B+ phenyl I. N-Phenyl-N’-2-BT 201° N: 14.3 14.7 

S: 22.1 22.4 

2-Amino-5-methyl-B + m-tolyl I. N-m-Tolyl-N’-2-(5-methyl)- 188° N: 13.2 13.4 

BT S: 20.0 . 20.4 

2-Amino-6-methyl-B + p-tolyl I. N-p-Tolyl-N’-2-(6-methyl)- 202° N: 13.5 13.4 
BT 


N-p-Phenetyl-N’-2-(6-ethoxy)- 
BT 


N-Phenyl-N’-2-(4-methyl)- 
BT (C,<HisN3S,) 


2-Amino-6-ethoxy-B + p-phenetyl I. 


2-Amino-4-methyl-B + phenyl I. 


2-Amino-5-methyl-B -+ phenyl I. N-Phenyl-N’-2-(5-methyl)- 
BT 
2-Amino-6-methyl-B + phenyl I. N-Phenyl-N’-2-(6-methyl)- 21° 13.9 
_ BT (C,sHisN;S.) 


N-Phenyl-N’-2-(6-ethoxy 
BT 


BT represents benzothiazolyl thiocarbamide. 
B benzothiazole. 
I 4. isothiocyanate. 


2-Amino-6-ethoxy-B +- phenyl I. 


ff 
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Found. Calc. 
168° N: 112 113 
167° N: 125 128 
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N-Aryl-N'-2-benzothiazolylcarbodi-imides 


A mixture of finely powdered N-aryl-N’-2-benzothiazolylthiocarbamide (2 g.) and yellow 
lead oxide (3 g.) was suspended in benzene (50 c.c.) and heated under reflux for about 6-8 
hours. Desulphurisation was complete when no blackening occurred on addition of a further 
small quantity of lead oxide. The reaction mixture was then filtered hot. The filtrate on 
keeping deposited beautiful, light bluish yellow crystals of the carbodi-imides. These could be 
recrystallised from benzene and ethanol. M.p.’s and analyses of the compounds are described 
in Table II. 


TABLE II 


Carbodi-imid 


N-Phenyl-N’-2-BD 


Thiocarbamide desulphided. 
N-Phenyl-N’-2-BT 


N-oTolyl-N’-2-(4-methyl)- 
BD (C,6HisN;S) 


N-o-Tolyl-N’-2-(4-methyl)-BT 


N-m-Tolyl-N’-2-(5-methyl)- 
BD 


N-p-Tolyl-N’-2-(6-methyl)- 
BD 


N-p-Phenetyl-N’-2-(6-ethoxy)- 
BD (CisH,;0:N;S) 


N-Phenyl-N’-2-(4-methyl)- 
BD (C,sHiiN;S) 


N-Phenyl-N’-2-(5-methyl)- 
BD (C,sH,:N;S) 


N-Phenyl-N’-2-(6-methyl)- 
BD 


N-m-Tolyl-N’-2-(5-methyl)-BT 


N-p-Tolyl-N’-2-(6-methyl)-BT 


N-p-Phenetyl-N’-2-(6-ethoxy)-BT 


N-Phenyl-N’-2-(4-methyl)-BT 


N-Phenyl-N'-2-(5-methyl)-BT 


N-Phenyl-N'-2-(6-methyl)-BT 


N-Phenyl-N’-2-(6-ethoxy)-BT N-Phenyl-N’-2-(6-ethoxy)- 
BD 
BT represents benzothiazolylthiocarbamide. 


BD benzothiazolylcarbodi-imide 


N-Aryl-N’-2-benzothiazolylcarbamides 


The carbodi-imides, recorded in Table II (1 g. each), were boiled with HCI (conc., 50 c.c.). 
First the carbodi-imide dissolved forming a yellow solution, which on continued boiling with 
fresh additions of HCl became colorless and deposited a light crystalline mass of the related 
carbamide, It was filtered and recrystallised from chlorobenzene and glacial acetic acid. Results 
are presented in Table II]. 


623 
MP. Found. Cale. 
H: 3.9 3.6 : 
N: 16.7 16.7 
' S: 12.5 12.7 
185° C: 688 688 
H: 4.7 47 
N: 15.1 15.0 
S: 11.9 11.8 
224° N: 15.4 15.0 
199° N: 15.1 15.0 
110° N: 12.1 12.4 
167° N: 15.5 15.8 
214° N: 16.2 158 
210° N: 16.0 158 
‘ 


624 C. P. JOSHUA 


TABLE III 
Carbodi-imide hydrolysed. Carbamide formed. *M.P. Carbamide obtained from. boy 
.P. 
N-Phenyl-N’-2-BD N-Phenyl-N’-2-BC 298° P+2-amino-B 300° 299 
(C,4H,,0N;S) 
N-Phenyl-N’-2-(4-methyl)-BD N-Phenyl-N’-2-(4-methyl)-BC 205° P-+2-amino-4-methyl-B 207° 206 
(C,sH,sON,S) 
N-Phenyl-N’-2-(5-methyl)-BD N-Phenyl-N’-2-(5-methyl)- 320° P-+2-amino-5-methyl-B 
BC(C,;H,;ON;S) 
N-Phenyl-N’-2-(6-methyl)-BD N-Phenyl-N’-2-(6-methyl)- 315° P-+-2-amino-6-methyl-B 315°) 315 
BC(C,;H,;ON;S) 
N-Phenyl-N’-2-(6-ethoxy)-BD N-Phenyl-N’-(6-ethoxy)- 235° P-+-2-amino-6-ethoxy-B. . 
BC(C,6H,;0,N;S) 
N-o-Tolyl-N'-2-(4-methyl)-BD N-o-Tolyl-N’-2-(4-methyl)- 258° (i) 0-Tolylcarbamide + 
¢.,.H,.ON.S) 4-methyl-2-amino-B 260° 260 
(ii) N-2-(4-methyl)-BC 260° 260° 
+-o-toluidine 
N-m-Tolyl-N’-2-5-methyl)-BD N-m-Tolyl-N’-2-(5-methyl)- 285° (i) m-Tolylcarbamide + 285° = 285° 
BC(C,¢H,;ON;S) 5-methyl-2-amino-B 
(ii) N-2-5-Methyl)-BC 284° 284° 
+ m-toluidine 


N-p-Tolyl-N’-2-(6-methyl)-BD N-p-Tolyl-N’-(6-methy])- 272° (i) 273° 273° 
6-methyl-2-amino-B 


+ p-toluidine 
N-p-Phenetyl-N’-2-(6-ethoxy)- N-p-Phenetyl-N’-2-(6-ethoxy)- 237° (i) p-Phenetidine-+N-2- 237° 237° 
BD (6-ethoxy)-BC 
(ii) p-Phenetylcarbamide + 237° 237° 
2-amino-6-ethoxy-B 
BC represents benzothiazolylcarbamide 
carbodi-imide 
B_ represents benzothiazole 
P ‘“ phenyl isocyanate 
* Sublimes. 


The above carbamides were also obtained as follows : 


(i). Phenyl isocyanate was treated in cold benzene separately with 4-methyl-, 5-methyl-, 
6-methyl-, and 6-ethoxy-2-aminobenzothiazoles, affording N-2-(4-methyl-, 5-methyl-, 6-methyl-, 
and 6-ethoxy)-benzothiazolyl-N’-phenylcarbamide respectively. These were crystallised from 
glacial acetic acid and identified with the above mentioned ccmpounds by their undepressed 
mixed m.p. 


(ii). N-2-(4-methyl-, 5-methyl-, 6-methyl- and 6-ethoxy)-benzothiazolylcarbamides were 
first prepared by heating the relative 2-aminobenzothiazoles with an excess of carbamide at 
155° for about 5 minutes (cf. this Journal, 1958, 35, 171). | The unchanged urea and benzothia- 
zoles were removed by washing with water and HC] (dilute). These carbamides were crystallised 
from acetic acid and melted at 300°, 310°, 308°, and 290° respectively. These were used in the 
preparation of N-aryl-N’-benzothiazolylcarbamides. 


} 
| 
| 
| 
“4 
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N-2-(5-methyl)-benzothiazolyl-N'-m-tolyl-, N-2- . 


(6-methyl)-benzothiazolyl-N’-p-tolyl-carbamides were prepared by heating the equimolecular 
quantities of the appropriate N-2-benzothiazolylcarbamide and amines at 160° for about 10 
minutes. The solid product obtained was washed with HC] (dilute) and recrystallised from acetic 
acid. The melting points of the compounds and of their mixtures with the carbamides obtained 
from the hydrolysis of carbodi-imides are recorded in Table III. 


(iii). The N-aryl-N’-2-benzothiazolylcarbamides were also prepared by heating the aryl 
(e.g., tolyl- and phenetyl-) carbamides with appropriate 2-aminobenzothiazoles at 1€0° for a few 
minutes. The carbamides were crystallised from acetic acid and were found identical with those 
obtained by procedure (ii) above. 


N-Aryl-N'-2-benzothiazolylguanidines 
Appropriate N-2-benzothiazolyl-N’-arylthiocarbamide (2 g.), yellow lead oxide (3 g.) and 
strong ethanolic ammonia (10-15 c.c.) were heated in a sealed tube for 3 to 4 hours at 90-100°. 
The alcoholic filtrate from the above reaction mixture gave crystals of N-aryl-N'-2-benzothia- 
zolylguanidines. These were crystallised from absolute ethanol. 


The guanidines, when treated in benzene or ether solution with hydrogen chloride, gave hydro- 
chlorides, the equivalent weights of which were determined titrimetrically. 


Picrates were obtained when ethanolic solutions of guanidines and picric acid were mixed. 
These were crystallised from absolute ethanol. The melting points of guanidines, their hydro- 
chlorides and picrates and equivalent weight values and analytical values of nitrogen found are 


summarised in Table IV. 


TABLE IV 
Hydrochloride. _Picrate. 
+ Thiocarbamide. Guanidine. M.P. Found. Cale. MP. Equiv. MP. 
N-Phenyl-N’-2-BT N-phenyl-N’-2-BG 154° C: 62.7%  203- 305.1 227° 
(C,4Hi2N,S) H: 45 205° (304.9)* 
N: 20.9 
S: 12.1 11.9 
N-o-Tolyl N’-2 (4-methyl)-BT "-2-(4-methyl)- 170° N: 188 19.0 217° 335.1 240° 
(332.5) 
N-m-Tolyl-N’-2-5-methyl)- N-m-Tolyl-N 195° N: 18.4 19.0 196° 3331.7 192° 
BT BG (C,H Hi6N,S) (332.5) 
N-p-Tolyl-N’-2-(6-methyl)-BT N-p-Tolyl-N’-2-(6-methyl)- 198° N: 19.2 19.0 196° 332.7 227° 
BG (Cy¢HieN,S) (332.5) 
N-p-Phenetyl-N’-2-(6-ethoxy)- N-p-Phenetyl-N’-2-(6- 163° N: 15.6 15.7 268° 395.7 238° 
BT (ethoxy)-BG (392.5) 
(CisH200N,S) 
N-Phenyl-N’-2-(6-methy])- N-Phenyl-N’-2-(6-methyl)- 148° N: 19.6 19.8 215° 320.3 213° 
BT BG (C,sHi.N,S) (318.5) 


BG represents benzothiazolylguanidine. 

t Desulphided with PbO in presence of strong ammonia (alcoholic). 
Calculated values in parentheses. 


Sincere thanks of the author are due to Dr. R. H. Sahasrabudhey for his interest, to Prof. 
G. B. Singh, Head of the Chemistry Department, and the authorities of the Banaras Hindu 
University for the facilities, and to the University Grants Commission for a scholarship. 
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REACTIVE METHYLENE COMPOUNDS. PART IV. CONDENSATIONS 
’ WITH BENZENEDIAZONIUM SALTS 


By H. G. GarG AND S. S. JOSHI 


Benzenediazonium salts have been condensed with different typcs of reactive methylene compounds in an attempt 
to assign correct configurations to the stable forms. 


Several compounds containing reactive methylene group have been found to couple readily 
with aromatic diazonium compounds. Thus, diethyl malonate (Meyer, Ber., 1891, 24, 1241; 
Fries et al., Annalen, 1934, 511, 241 ; Leonard et al., J. Org. Chem., 1947, 12, 47), ethyl acetoace- 
tate (Meyer, Ber., 1877, 10, 2075 ; Chattaway et al., Proc. Roy. Soc., 1932, A 137, 489 ; 1932, A 135, 
282 ; J. Chem. Sec., 1933, 475; 1933, 1143; 1934, 1985), acetylacetone (Beyer and Claisen, Ber., 
1888, 21, 1697 ; Chattaway and Ashworth, J. Chem. Soc., 1934, 930), and benzoylacetone (Beyer and 
Claisen, loc. cit.; Dimroth and Hartman, Ber., 1907, 40, 4460 ; 1908, 41, 4012), yielded the corres- 
ponding derivatives with benzenediazonium salts. 


The possible structural configurations of these derivatives are three in number, namely, 


| | | | 

H H H 
(Azenol) (Azone) (Hydrazone) 

In spite of the considerable amount of attention devoted to these compounds, it cannot be 
claimed that the constitutions of the stable forms have been satisfactorily determined. 

A systematic study of the condensations of benzenediazonium salts with different classes of 
reactive methylene compounds has now been undertaken in an effort to assign a structural confi- 
guration to the stable forms of these compounds. 

The behaviour of a number of substituted benzenediazonium salts with methyl acetoacetate, 
acetylacetone, benzoylacetone, and dibenzoylmethane has been investigated. 


R—CO R—CO R—CO 

\ \ 
CH, Benzenediazo- CH—N=N—C,H; = C=N—NH—C,H; 

R’—CO R’—CO R’—CO 


[R= Me or Ph; R’=Me, Ph or OMe] 


The so-called benzeneazo derivatives are coloured compounds, varying from yellow to orange- 
red in colour, soluble in ethanol, acetic acid, etc. The solubility cf the derivatives in these solvents 
decreases with the increasing molecular weight. These compounds give characteristic red colo- 


ration with concentrated sulphuric acid. 


*EXPERIMENTAL 


Methyl acetoacetate and acetylacetone were commercially available. Benzoylacetone was 
obtained by the condensation of acetophenone with ethyl acetate in presence of sodium exthoxide. 
Dibenzoylmethane was prepared by Bodforss’ method (Ber., 1918, 51, 214). 


* All melting points are uncorrected. 
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Methyl Benzeneazoacetoacetate.-—Aniline (0.1 M) was diazotised in the usual manner. The 
filtered diazonium solution was run into a well-cooled stirred mixture of sodium acetate (100 g.) 
and methyl acetoacetate (0.15 M) in ethanol (25 c.c.) and water (25 c.c.). It was recrystallised 
from ethanol. Different derivatives are recorded in Table I. 


By adopting a similar procedure as above, several benzeneazoacetylacetones, described in 
Table I, were prepared. Benzeneazobenzoylacetones and benzeneazodibenzoylmethanes were 
also similarly prepared (Table II). 

One of the authors (H.G.G.) is thankful to the Ministry of Scientific Research & Cultural 
Affairs, Government of India, for the award of a research scholarship. 
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ESTIMATION OF ALIPHATIC THIOCARBAMIDES. PART II. 
N-METHYLTHIOCARBAMIDES 


By PRAKASH CHANDRA GUPTA 


The method for the determination of thiocarbamide with iodine and sodium bicarbonate, described earlier, has been 
extended to the determination of N-methyl-, N:N-dimethyl-, N:N’-dimethyl-, N:N:N'-trimethyl- and N:N:N’: N’-tetra- 
methyl- thiocarbamides. 


As compared to the large amount of work reported on thiocarbamide, the derivatives and 
homologues of thiocarbamide seem to have received little attention. Wojahn (Arch. Pharm., 
1951, 284, 243) reported iodimetric estimation of tetramethylthiocarbamide by Werner's method 
(J. Chem. Soc., 1903, 83, 1 ; 1912, 101, 2166). Sahasrabudhey and Singh (this Journal, 1953, 30, 
223) extended Werner's method and the Williams’ mercurous nitrate method (J. Soc. Chem. Ind., 
1939, 117, 91) to the estimation of certain N-substituted methylthiocarbamides. The iodimetric 
method suffers from the limitation that the end points are not sharp and as the reaction involving 
the formation of formamidine disulphide is reversible, considerable dilution is necessary for 
its quantitative completion. The degree of dilution required besides being large is different with 
different compounds. 


In an earlier communication (this Journal, 1960, 37, 213) the author has shown that iodine 
in weakly alkaline media oxidises thiocarbamide quantitatively to carbamide and sulphate. The 
estimation of thiocarbamide is accurate over a wide range of concentrations and experimental 
conditions (loc. cit.). The method has now been extended to the quantitative determination of 
N-methyl-, N: N-dimethyl-, N: N’-dimethyl-, N: N: N’-trimethyl- and N: N: N’: N’-tetramethyl- 


thiocarbamides. 
EXPERIMENTAL 


Procedure followed for the visual titrimetric method as well as the potentiometric method was 
essentially the same as described earlier (loc. cit.). Titrations were also carried out by taking an 
excess of iodine, adding to it a measured volume of the required methylthiocarbamide solution, and 
back-titrating the excess iodine against a standard arsenious oxide solution. 


The various N-substituted methylthiocarbamides were prepared in the laboratory and_ purified 
by double crystallisation from water or water-ethanol ‘mixtures. M.p.s were checked with 
literature data. 


N-Monomethylthiocarbamide was prepared by Hofmann’s method from ethanolic ammonia 
and methyl isothiocyanate (Proc. Roy. Soc., 1869, 17, 72). The crude product after suitable puri- 
fication and recrystallisation melted at 119° [lit. m.p. 117-18° (Dixon, J. Chem. Soc., 1892, 61, 
517); 118° (Andreash, Monatsh., 1881, 2, 277; Dyson and Hunter, Rec. trav. chim., 
1926, 45, 421); 119-20° (Salkowskii, Ber., 1891, 24, 2724)]. 


N: N-Dimethylthiocarbamide was prepared according to the procedure of Wallach (Ber., 
1890, 23, 1874) by the condensation of dimethylcyanamide with H.S. After several recrystalli- 
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sations and decolorisation with animal charcoal, a colorless pure sample was obtained, m.p. 162° 
lit. m.p.: 158-59° (Wallach, Ber., 1899, 32, 1873); 159° (Salkowskii, Ber., 1893, 26, 2505); 
161° (Singh and Sakia, this Journal, 1953, 30, 695)}. 


N: N’-Dimethylthiocarbamide was prepared by Hofmann’s method (loc. cit.) by the conden- 
sation of methyl isothiocyanate and methylamine. The crude product obtained was a semisolid 
one, but on further purification it yielded only a syrupy liquid. Any attempt to purify it further 
resulted in its decomposition and a significant loss of the material. 


N: N: N’-Trimethylthiocarbamide was prepared by the condensation of methyl isothiocyanate 
and dimethylamine (Hofmann, loc. cit.). The crude product after two recrystallisations melted 
at 87° [lit. m.p. : 86-87° (Lecher and Gubernator, J. Amer. Chem. Soc., 1953, 75, 1087); 87° 
(Singh, this Journal, 1956, 33, 610)]. 

N:N:N’: N’-Tetramethylthiocarbamide was obtained by thermal decomposition of tetra- 
methylthiuram disulphide (Bloomfield, J. Polymer Sci., 1946, 1, 316) as recommended by Sahasra- 


budhey (this Journal, 1951, 28, 341). On repeated crystallisation from water a colorless, pure 
product was obtained melting at 78° (Sahasrabudhey, loc. cit.; Delépine, Bull. Soc. Chim., 1910, 


iv, 7, 989 ; Schenck, Z. physikal. Chem., 1912, 77, 370). 


TABLE I 


lodimetric estimation of N-methylthiocarbamides with bicarbonate buffer. 


(End point observed visually). 
Cone. of methyl thio- Conc. of I;-soln. 10% NaHCO, A 
carbamide soln. (20 c.c. taken). soln, added. Equiv. vol. Found. 
A. Monomethylthiocarbamide. 
0.7000 g./litre 0.1036 N 30.0 c.c. 33.40cc. 0.6992 g/litre 99.88. 
“1.4000 30.0 16.70 1.3984 99.88 
B. Unsym.-dimethylthiocarbamide. 
0.9828 0.1036 40.0 27.45 0.9828 100.00 
1.6624 > 25.0 16.20 1.6650 100.15 
C. Sym.-dimethylthiocarbamide. 
1.4800 0.1036 40.0 19.25 1.4020 94.71 
2.4268 ‘ 40.0 12.65 2.1330 87.90 
D. Trimethylthiocarbamide. 
1.0540 0.1036 40.0 29.00 1.0580 100.30 
2.1080 a 30.0 14.55 2.1090 100.00 
E. Tetramethylthiocarbamide. 
0.1026 30.0 42.90 1.0540 99.70 
(+5. KD 
30.0 19,80 2.2830 99.90 
(+5 g. KI) 
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TABLE II 


Direct potentiometric titrations of iodine and N-substituted methylthiocarbamides. 
[0.1036 N-iodine taken (10 c.c.) for each experiment]. 


possent 10%NaHCO, Methylthiocarbamide. 
soln, added. A 
Vol. read. Pound. 
A. N-Monomethylthiocarbamide. 
1.400.g, litre 5.0 c.c. 8.40 c.c. 1.3900 litre 99.29°, 
20.0 8.40 
50.0 8.40 
0.7000 10.0 16.70 0.6992 99.88 
B. N:N-Dimethylthiocarbamide 
1.6624 5.0 8.20 1.6452 98.97 
20.0 8.20 
50.0 8.20 
0.9828 10.0 13.80 0.9776 99.47 
C. N:N'-Dimethylthiocarbamide. 
1.4800 10.0 9.70 1.3908 93.97 
20.0 9.70 
2.4268 10.0 6.40 2.1080 86.89 
? 20.0 6.40 
D. N:N:N'-Trimethylthiocarbamide. 
2.1080 10.0 730 2.0968 99.47 
40.0 7.30 
1.0540 10.0 14.60 1.0484 
TABLE III 


N:N: N’: N’-Tetramethylthiocarbamide. 
[0.1026 N-lodine* =10 c.c. taken for each experiment. T.M.T. present=2.284 g. /litre]. 


10% NaHCO, Vol. of T.M.T. 
soln. added. required. 
15.0 cc. 9.50 c.c. 
15.0 9.60 
15.0 9.80 
15.0 9.90 
15.0 9.90 


T.M.T. found. 


KI added). 


2.3072 g./litre 
2.2840 


101.01, 3 
100,00 5. 
” 10 


* Todine solution contained potassium iodide four times by weight of iodine 


. 
Ig. 
” 
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Thiocarbamide. 
A. Monomethyl 


B. Unsym.-dimethyl 
C. Sym.-dimethyl 


D. Trimethyl 


E. Tetramethyl 


P. C. GUPTA 
TABLE IV 
Back titrations of excess iodine against arsenious oxide*. 
Me hyl arb 26 
Present Found Percentage 
1.4000 g. /litre 1.3930 g./litre 99.51 
0.7000 0.6965 
1.6624 1.6570 99.79 
0.9828 0.9789 99.60 
1.4800 1.4050 94.88 
2.4268 2.1314 87.83 
2.1080 2.1138 100.28 
1.0540 1.0390 98.51 
1.0560 100.20 

1.0568 1.068 101.06 
2.2840 2.292 100.60 


* For details of procedure see this Journal, 1960, 37, 213. 


TABLE V 
Sulphate estimation in the reaction mixture. 
In each case 50 c.c. iodine + 100 c.c. of 10°, sod. bicarbonate were taken. 


Conc. of I, soln. Thiocarbamide Conc. of thiocar- BaSO,. 
soln. required bamide soln. ——— 
Found. Cale. 
A. A. thylthi arh 
0.1036 N 41.6 c.c. 1.4000 g. /litre 0.1495 g. 0.1511 ¢g. 
0.1115 44.8 1.4000 1618 0.1628 
B. Unsym. thylthi | 
0.1036 40.5 1.6624 0.1499 0.1511 
0.1115 43.6 1.6624 0.1620 0.1628 
Sym. Jj thylthi arb 
0.1036 48.1 1.4800 0.1512 0.1673 
(45.5)* (0.1511)* 
O.11IS 31.6 2.4268 0.1627 0.1722 
(29.86)* (0.1628)* 
D. Trimethylthiocarbamide. 
0.1036 36.3 2.1080 0.1499 0.1511 
0.1115 39.0 2.1080 0.1619 0.1628 


Thiocarbamide 
found. 


99.42°,, 
99.42 


99.22 
99.51 


90.38 
100.1 
94.91 
99.93 


99.22 
99.49 


* Calculated on the basis of analytical results obtained and assuming the sym.-dimethylthiocarbamide to be 94.7°,, 


pure. 


DISCUSSION 


Tables I and II show that the N-monomethyl-, N:N-dimethyl-, N:N’-dimethyl-, and 
N:N:N'-trimethyl-thiocarbamides are quantitatively oxidised by iodine in presence of sodium 
bicarbonate buffer. The change appears to be analogous to that with thiocarbamide. 


R R R 
+40 \ 
N—C—N N—C—N 
R H R Oo H 


|| 
i 
| 
7 (where R is a methyl group or a hydrogen atom). 
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A freshly prepared 10°, solution of sodium bicarbonate, free from any contamination with 
sodium carbonate, was used. The amount of bicarbonate taken was in such excess that the reaction 
mixture remained always alkaline after the reaction was complete. The titrations were performed by 
observing the end point visually in the usual manner (Table I) and potentiometrically (Table II). 
Back-titrations with excess iodine against arsenious oxide were also carried out (Table IV). 


The results confirm the above equation except in the case of sym. -(N:N’)-dimethylthiocarba- 
mide (Tables I, II and IV) for which the experimental values are near about 87%, of that expected. 
The best results obtained are about 94°, of the actual amount taken. This is undoubtedly on 
account of some inseparable impurities present in the sample of this compound which could not 
be purified by crystallisation. This compound has been obtained in a syrupy state by several 
previous workers (Andreash, loc. cit.; Singh, this Journal, 1954, 31, 355) while several other workers 
claim to have obtained it in the solid state and have reported different melting points, viz., 49-50° 
(Salkowskii, Ber., 1891, 24, 2724); 51.5° (Hecht, Ber., 1890, 23, 281); 51-52° (Dixon, J. Chem. 
Soc., 1893, 63, 328); 56-58° (Wilson and Woodger, ibid., 1955, 2943) and 61° (Freund and 
Asbrand, Annalen, 1895, 285, 170). The sample used in the present case was a syrupy one. 


Sulphate estimations were carried out in the reaction mixture by acidifying it at the end point 
with dilute hydrochloric acid, boiling for two minutes and precipitating barium sulphate as usual. 
The results presented in Table V confirm the assumption fhat the sulphur of the thiocarbamides 
is completely oxidised to the sulphate. The method therefore has the added advantage that volu- 


metric and gravimetric procedures can be carried out with the sample in one operation. 


When this procedure was applied to tetramethylthiocarbamide, a turbidity appeared in the 
solution, which could be avoided by the addition of an excess of potassium iodide (in addition to 
that present in the iodine solution used) prior to titration. Moreover, the stoichiometry in this 
case suggests that the oxidation does not proceed up to the stage of sulphate formation and only 
3 molecules of iodine per molecule of T.M.T. are required. The results for tetramethyl thiocarba- 
mide, reported in Tables I, III and IV, have been calculated on the basis of 


3 1, = 


which holds true only when a sufficient excess of potassium iodide is present. Back- 
titrations of excess iodine with arsenious oxide can be carried out as usual using visual or potentio- 
metric end points in the same buffer medium, viz., sodium bicarbonate. Excess KI is required 
to be added as before. The actual nature of the oxidation product in this case and the role of 
potassium iodide are not yet clear and are being investigated. 


The author's grateful thanks are due to Prof. S. S. Joshi, D.Sc., F.R.1.C., for his keen interest 
and help, and to Dr. R. H. Sahasrabudhey for his valuable criticism and suggestions. 


Cuemistry DEPARTMENT, 
CoLLecE oF ScIENCE, «Received May 10, 1960. 
Banaras Hinpu University, 


VARANASI-5. 


+ > 


[Jour. Indian Chem. Soc., Vol. 37, No. 10, 1960] 


DETERMINATION OF STANDARD ELECTRODE POTENTIAL 
OF Ag | AgsCrO,, CrO,?> ELECTRODE 


By P. K. JENA AND B. PRASAD 
The standard electrode potential of Ag | AgsCrO,, CrO,*~ electrode has been determined from the studies of 


the following types of cells : 
(a) Ag MELO, salt bridge | Hg 


0) Ag He 


and the most probable value is found to be -0.4468 at 35°. 


The standard electrode potential of Ag | Ag,CrO,, CrO,* electrode was determined by 
Cann and Mueller (J. Amer. Chem. Soc., 1935, 57, 2525) with the help of the cells of the type : 


Ag | Ag,CrO,, K,CrO, | KCI, AgCl | Ag 
C | 


They prepared Ag | AgCl and Ag | Ag,CrO, spiral electrodes electrolytically according to the 
method of Randell and Young (ibid., 1928, 50, 989). These electrodes did not provide satisfactorily 
reproducible readings. Their method of calculating the liquid junction potential of the above 
cells by using the Lewis-Sargent formula does not seem to be sound because this formula is appli- 
cable only to a boundary between salts of the same valency type of the same concentration with 
a common ion. In the present work the following types of the cells have been studied : 


(a) Ag | Ag.CrO,, — salt bridge «es Hg.SO, | Hg 


(b) Ag | Ag.CrO,, Hg.SO, Hg 


EXPERIMENTAL 


Stock solutions of potassium chromate (G.R., E. Merck) and potassium sulphate (A.R., 
B.D.H.) were prepared by weight from their salts. All solutions were prepared by diluting the 
stock solutions with redistilled water. 

Silver chromate was prepared by adding a dilute solution of AgNO, (G.R., E. Merck) to a 


solution of K,CrO, (G.R., E.Merck). The precipitate of Ag,CrO, was washed with K,CrO, 
solution till free of nitrate, and was kept in a bottle under the same solution. 


Pure silver oxalate was prepared by the standard method (ibid., 1948, 70, 3812). The silver 
oxalate was kept in a bottle under a solution of oxalic acid. 

Finely divided silver was deposited on the platinum surface by thermal decomposition of 
silver oxalate. Silver chromate was washed thoroughly with the solution of K,CrO, to be used 
in the cell and was kept under the same solution, which was saturated by shaking the flask a num- 
ber of times. The cell vessel was filled with the suspension of AgsCrO, and this solution. 

The Hg | Hg,SO,, KSO, half elements were prepared as described in “Studies on the 
Behaviour of uni-bivalent salts in aqueous solution” (unpublished). The methods of checking the 
half cells and setting up of the cells were as in previous publications from this laboratory (this 
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Journal, 1951, 28, 683; 1954, 31, 480). In every cell combination the molar concentrations of 
K,SO, and K,CrO, were same. The E.M.F. values of the cells of the type (a) are given in 
columns 2 (satd. KCI bridge) and 3 (satd. NH,;NO; bridge), and the E.M.F. values of the cells 
of the type (b) are given in column 4, Table I. 

E.M.F. readings were taken in duplicate at 35° + 0.1° and the duplicates agreed within 
0.2 m.v. 


TABLE | 
Cells of the type used : (a) and (b). 
Observed E.M.F, (in volt) with Cale. E.M.F. in 
Molar conc. of Satd. KC] Satd. NH,NO, No volt after correc- _Diff. of cols. (2) 
K,SO,/KsCrO,. bridge. bridge. bridge. tion for 1j.p. & (5). 
(1) (2) (G3) (4) (5) (6) 
0.02 0.1562 0.1565 0.1563 0.1566 0.4 my. 
0.04 0.1574 0.1578 0.1577 0.1580 0.6 
0.05 0.1576 0.1577 0.1578 0.1581 0.5 
0.07 0.1582 0.1584 0.1582 0.1585 03 
0.08 0.1587 0.1589 0.1588 0.1591 0.4 
0.10 0.1591 0.1591 0.1592 0.1595 0.4 
TABLE II 
(1) (2) (3) (4) 
0.02 0 6664 volt 0.1562 volt 0.5102 volt 
0.04 0.6616 * 0.1574 0.5042 
0.05 0.6600 0.1576 0.5024 
0.07 0.6580 0.1582 0.4998 
0.08 0.6565 0.1587 0.4978 
0.10 0.6559 0.1591 0.4968 


DISCUSSION 
Assuming that the liquid junction potential is eliminated by the salt bridges used, the E.M.F. 
of the cells of the type (a) is represented by 
E = Eco — 


where Ec,os”” is the E.M.F. of the Ag | AgsCrO,, KCrO, half cell and Eso,*~ is that of the 
Hg | Hg.SO,, K.SO, half cell. In cells of the type (b), E.M.F. (E’) is represented by 


E’ = E — + E; 


where E; is the liquid junction potential developed at the boundary of K,CrO, and K,SO, solu- 
tions. E.M.F. values measured in the cells of the types (a) and (b) are found nearly same 


| 
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(differing by not more than 0.3 m.v.). Henderson's equation for the potential difference between 
solutions used reduces itself to 
_ RT UK* +V3 
In the above expression U and V denote the ionic conductances of the ions indicated. The calcu- 
lated value of Ej is found to be -0.3 m.v. which agrees well with the observed values (Table I). 


With the help of Eso,”~ obtained_(under publication) the value of Ec,oy?~ (given in col. 4, 
Table II) for each concentration of K,CrO, is calculated from equation (1) using E.M.F. values 
of cell ‘a’ with saturated KCl. 


By applying the Debye-Hiickel limiting equation, E ¢,o,"~ is calculated from the relation, 


R RT RT 
Eco log. Cero” T Xx 4Ay/u. = + 2F x Bu. (4) 


by plotting the left hand side against »., and it is found to be -0.4464. 


Saturated KCI may not be able to eliminate completely the liquid junction potential. On 
comparison of the E.M.F. values given in column 2 (using saturated KCI bridge), column 3 
(using saturated NH,NO, bridge), and column 5 (obtained by subtracting the calculated value 
of E; from E’) in Table I, it is found that NH,NO; bridge is better in this case. Using E.M.F. 
values in column 5, the value of E°c,o,”~ comes to be -0.4468. So, the most probable value of 
E°c,o3?~ will be -0.4468 volt. The various errors in the work of Cann and Mueller (loc. cit.) 


seem to have cancelled one another to a large extent (their value being -0.4463 volt). 


Thanks of the authors are due to the Government of India for the award of a research training 


scholarship to one of them (P.K.].). 
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TRITERPENES OF ALSTONIA SCHOLARIS R.Br. 


By (Mrs.) D. CHAKRAVARTI*, R. N. CHAKRAVARTI AND (Miss) R. GHOSE* 
a-Amyrin acetate and lupeol acetate have been isolated as the major triterpenes of the bark of Alstonia scholaris. 


In connection with our work on the alkaloids of Alstonia scholaris R. Br. involving extraction 
of large quantities of dita-bark, we obtained considerable amounts of a neutral product, which after 
several crystallisations from a mixture of ethanol and ether afforded a colorless crystalline product 
having a constant m.p. 160°. The product was found to be non-nitrogenous. 


It may be mentioned in this connection that Jobst and Hesse (Annalen, 1875, 178, 49) obtained 
the following non-nitrogenous substances from the bark of A. scholaris: (a) Echikautschin 
(amorphous); (b) Echicerin, m.p. 157°, + 63.75°, (c) Echitin, m.p. 
170°, + 75.25°; (d) Echitein, CyH»O., mp. 195°, + 85.4; (e) Echiretin, 
CysH;602, (amorphous). Ultee (Chem. Weekblad., 1914, 11, 456) reported the presence of 
a- and %-amyrins in the latex of A. scholaris. Goodson (J. Chem. Soc., 1932, 2626) isolated 
two lactones from the bark of the same plant. One of these was reported to have the molecular 
formula C,H,,03. 


In view of the anomalous position with regard to the non-nitrogenous constituents of the 
bark of A. scholaris, a detailed investigation was undertaken by the present authors With the pro- 
duct melting at 160°, described above. After repeated careful chromatography of the product over 
alumina it was ultimately possible to separate it into two pure constituents : products (A) and (B), 


Product (A) had m.p. 224-25°, [2Jo*® + 80° (CHCI,), molecular formula C;,H;,0, with 
one acetyl group and no active hydrogen. On hydrolysis with methanolic potassium hydroxide 
it gave a product, m.p. 184, [z]p** + 84 (CHCI,), molecular formula CypH,O, identical 
with «-amyrin, thus establishing the identity of the product (A) with 2-amyrin acetate. On 
benzoylation of the hydrolysed product of m.p. 184°, z-amyrin benzoate was obtained, m.p. 198 , 
[z]**_ +- 92° (CHCI,), molecular formula C;;H;,0.. 


Product (B) had m.p. 215-16", [z]p** + 40° (CHC1,), molecular formula C,,H;,0, with 
one acetyl group and no active hydrogen. Mixed m.p. with product (A) is 175-77°, indicating 
that the two products are different. On hydrolysis with methanolic potassium hydroxide it gave 
a product, m.p. 212-13°, [aJp*” + 22.6° (CHCI,), molecular formula C39H;90, identical with 
lupeol. Thus, product (B) is lupeol acetate. On benzoylation of the hydrolysed product of m.p. 
212-13°, lupeol benzoate, m.p. 260°, []p*” + 60.4° (CHCI;), molecular formula C;;H;,0., was 
obtained. 


It is thus clear that the bark of A. scholaris contains «-amyrin acetate and lupeol acetate. 
According to our experience fractional crystallisation is of very little help in the separation of the 
constituents in such cases, and this may explain the difficulties encountered by previous workers 
in proper purification and separation of the constituents. It is of interest to note in this connec- 
tion that many workers isolate these triterpenes after saponification, following the standard method 
for isolation of sterols. In such cases it is difficult to find out whether the triterpenes occur in the 
free state or as any of their derivatives in the plant. 


* Department of Chemistry, Bethune College, Calcutta-6. 
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EXPERIMENTAL 

Isolation of Triterpenes of A. scholaris (Dita-bark).—The air-dried, powdered bark of A. 
scholaris was extracted in a percolator in 6 kg. lots with 96% ethanol by cold percolation (8-10 
drainings were necessary). The extracts were concentrated to a small volume and kept for about 
two weeks. The solid product separating was filtered and washed with 70% ethanol (~~3% crude 
yield). It was dried and then dissolved in sufficient ether, and filtered. The crystalline residue 
(yield ~ 2%) obtained form the filtered solution was crystallised from ethanol containing a little 
ether, m.p. 140-45°. After repeated crystallisations from the same solvent mixture and on treat- 
ment with charcoal, a product, m.p. 160°, was obtained in colorless crystals. It was found to be 
non-nitrogenous and neutral in character. It did not respond to the Liebermann-Burchard test 
for sterols. 

Chromatography of the product (m.p. 160°).—The product (m.p. 160°; 2.5 g.) was dissolved 
in petroleum ether (b. p. 40-60°) (20 c.c.) and chromatographed through a column of Brockmann 
alumina (diam. 4 cm x length 32 cm), the column being successively eluted with (i) petroleum ether 
(40-60)°, (ii) benzene, and (iii) absolute ethanol. The results are recorded in Table I. 


TABLE | 
Fractions. Volume Wt. of residue. M.P. Fractions. Volume We. of MP. 
collected. collected. residue. 
Eluent: Petroleum ether. Eluent: Benzene. 
I 20 c.c. 0.09 g. Yellow oil VI 100 c.c. 0.1 g. Amorphous 
Il »~ 08 Amorphous Vil 100 0.07 
Eluent: Ethanol, 

Ill 100 0.9 163-80 Vill 100 0.15 

IV 100 2 0.2 170-95° IX 100 0.02 ad 

Vv 100 0.1 202-205° 


Fractions II, III] and, IV (Table I) were rechromatographed separately over alumina using 
petroleum ether (40-60°) as eluent. Fraction IT gave a little oil followed by a product, m.p. 212- 
14° (product A), and another, m.p. 170-80°, which appeared to be a mixture. Fractions II] and 
IV behaved similarly and gave product (A), m.p. 215-16° in the first portion, a product, m.p. 
168-69°, in the middle portion and a third product, m.p. 205-206° (product B), in the last portion. 
Fraction V was found to be more or less identical with product (B). The product of m.p. 168-69° 
crystallised in colorless needles from a mixture of ethanol and ether, but even after repeated treatment 
in this way no further change in the m.p. could be observed. On rechromatography, however, using 
a long column it could be separated into product (A) in the first porticn and product (B) in the last 
portion, with a small amount of an intermediate fraction, which was evidently a mixture of the two. 
The overall yields of product (A) and product (B) are 0.8% and 0.7% respectively on the basis of 
air-dried bark. 

Product (A), a-Amyrin Acetate-—The product (A) after several crystallisations from a mixture 
of ethanol and ether was obtained in colorless plates, m.p. 224-25°, [«]*°p + 80° (CHC1,), identical 
with &-amyrin acetate. It does not contain any active H but contains one acetyl group. 
[Found : C, 82.2, 82.0; H, 11.1, 11.0; CH,CO, 11.3, 8.5; M.W., 450, 462. Calc. for C,,H,,0, : 
C, 82.0 ; H, 11.1 ; CH,CO (for one), 9.2% ; M.W., 468]. 

a-Amyrin.—A purified specimen of product (A) (0.5 g.) was dissolved in methanol (100 c.c.) 
by refluxing on a steam bath. KOH (5 g.), dissolved in least amount of water, was then added 
and the refluxing continued for 7 hours. After evaporation of ethanol with eddition of water, 
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the separated solid product was taken up in ether, and crystallised repeatedly from a mixture of 
ethanol and ether, when colorless needles were obtained, m.p. 184°, [«]p** + 84° (CHCI,); identical 
with «-amyrin. (Found : C, 84.4, 84.6; H, 11.7, 11.6; active H, 0.32, 0.26. Calc. for CygHyo0 : 
C, 84.4; H, 11.8; active H, 0.23%). The alkaline mother-liquor obtained above on distilla- 
tion after acidification gave a distillate, which was found to contain acetic acid. 

It gave «-amyrin benzoate on benzoylation with benzoyl chloride and pyridine in the usual 
way (Chakravarti and Dutta, this Journal, 1952, 29, 374) and crystallisation from a mixture of 
benzene and ethanol in prisms, m.p. 198°, [a]p** -+ 92° (CHCI,). (Found: C, 83.6, 83.5; 
H,10.1 ; 10.2 ; benzoyl, 18.8. Calc. for C,,H,,O, : C, 83.7; H, 10.2; benzoyl, 19.8%). 


Product (B), lupeol acetate, was obtained in colorless needles after several crystallisaticns from 
a mixture of ethanol and ether, m.p. 215-16", [a]p** + 40° (CHCI;), identical with lupeol ace- 
tate. It does not contain any active H. [Found: C, 82.1, 82.2; H, 11.0, 11.1; CH,CO, 8.9; 
M.W., 460. Calc. for C,,H;,0, : C, 82.0; H, 11.1; CH,CO (for one), 9.2%; M.W., 468]. 


Lupeol.—A purified specimen of product (B) (0.5 g.) was refluxed with methanolic KOH 
(100 c.c.) (ca. 5%) for 7 hours on a steam bath. On working up as in the case of «-amyrin, 
a crystalline product was obtained ; it was possible to detect the presence of acetic acid in the 
alkaline mother-liquor. After several crystallisations from a mixture of ethanol and ether, the 
product was obtained in colorless needles, m.p. 212-13°, [a]o*” + 22.6° (CHCI,), identical with . 
lupeol. A mixture of the two products, «-amyrin and lupeol, as obtained above, melts at 163-65°. 
(Found: C, 84.5, 84.6; H, 11.6, 11.8; active H, 0.28. Calc. for CyH»O: C, 84.4; 11.8; 
active H, 0.23%). 

On benzoylation of the above product and crystallisation as in the case of «-amyrin, lupeol 
benzoate was obtained in colorless plates, m.p. 259-60°, [«Jn®’ + 60.4° (CHCI,). (Found: 
C, 83.6, 83.7; H, 10.2, 10.3; benzoyl, 19.2. Cale. for C3,H;,O.: C, 83.7; H, 10.2; benzoyl, 
19.8%). 
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* REACTION OF ALDEHYDES AND AMINES WITH 8-HYDROXYQUINALDINE 
AND 8-QUINOLINOL. PART II 


By A. B. SEN, M. S. SAXENA AND (MiSs) SUDHA MEHROTRA 


Several 7-a-anilinobenzyl-8-quinaldinols and -8-quinolinols have been synthesised by the Betti reaction among 
aldehydes and amines and either 8-hydroxyquinaldine or &-quinolinol with a view to studying their amebacidal activity 
and as precipitants for metali ons. 

A simple Mannich type of reaction, now known as the Betti reaction, was reported to occur 
with aniline, benzaldehyde and 8-quinolinol yielding 7-<-anilinobenzyl-8-quinolinol (Pirrone, 
Gazzetta, 1940, 70, 520 ; 1941, 71, 320). 


R, — NH, + R.CHO + | |, +H0 
on OH 
(A) 


The products (A) because of the continued presence of the chelating centre of the 8-hydroxy- 
‘ quinoline portion are of interest as metal precipitants and as possible ameebacides. Several 
compounds of thjs type (A) were prepared by this reaction (Phillips et al., J. Amer. Chem. Soc., 
1953, 75, 4306; J. Org. Chem., 1954, 19, 907; Sen et al., this Journal, 1956, 33, 62). 


The work has been extended to the reaction among a number of mixtures of aromatic 
primary amines, and substituted aromatic aldehydes and 8-hydroxyquinaldine or 8-hydroxyquino- 
line, with the purpose of obtaining these products and studying the effect of different substituents 
(in the aldehyde, the amine or the quinoline portion) on the rate and course of the Betti reaction. 


. The reaction was carried out with benzaldehyde, m-hydroxybenzaldehyde, p-hydroxybenzal- 
dehyde, furfural, vanillin, resorcylaldehyde, 2-hydroxy-|-napthaldehyde with the aromatic primary 
amines, ¢.g., m- and p-nitroanilines, o-anisidine, 2-aminothiazole, 2-aminopyridine, and anthra- 


nilic acid in presence of either 8-hydroxyquinaldine or 8-quinolinol. 


EXPERIMENTAL 


The method used for the preparation of the compounds was the same as reported earlier 
(Sen et al., loc. cit.) excepting that in this case the reaction mixtures were stoppered and allowed to 
stand for 60 days only. The time required for the first sign of precipitation to occur was recorded 
in each case (Table II). Precipitation was allowed to continue for a week, when the products 
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were filtered off and purified by repeated washings with hot ethanol. Acetone, benzene, and 


glacial acetic acid were found unsuitable for crystallisation. 


Products were not obtained in 60 days time, using p-nitroaniline and 8-hydroxyquinaldine 
with resorcylaldehyde, p-hydroxybenzaldehyde, and |-hydroxy-2-napthaldehyde; 8-hydroxyquinal- 
dine and m-hydroxybenzaldehyde ; reaction with anthranilic acid and o-anisidine also failed to 
afford any product. Desired products also could not be obtained when 2-hydroxy-|-napthal- 


dehyde was allowed to react with p-nitroaniline and 8-hydroxyquinoline. 


Failure of the reaction 


could in most of the cases be attributed to insufficient solubility of the Schiffs base in 95%, 


ethanol. 


The compounds can be represented by the general structural formula A (vide supra). 


TABLE | 


Substituted 7-z-anilino-8-quinaldinols and quinolinols. 


R.. 


m-OH.C,H, 


p-OH.C,H, 


-C,H;,O or 
-C,H;0 or 


-C,H,O or 
-C;H,0, or 


or 


s 


Formula. 


O.Ne 


C.2HisON; 


CoH: 


CooH, s0,N; 


MP. 


160°d 


203° 
196° 


185° 


% Nitrogen. 

Yield Found. Calc. 
12.3% 96 10.91 
38.0 68 7.57 
14.0 12.6 12.10 
34.0 1.8 12.30 
7.0 9.90 1050 
28.0 10.91 11.57 
22.0 11.02 
35.0 10.70 
43.0 12.25 12.70 
32.0 10.8 11.62 
25.0 10.3 11.08 


Spot tests—Colour reactions with H,SO, (conc.), HNO; (conc.), and 1% ferric chloride being 
specific, spot tests were carried out for each of the products. In the particular series all the three 


spot tests were found to be quite conclusive regarding the presence of the desired products. 


No. R;. R,. 
Ph (203: 
S 
H,NSor 
<> 
x H -C,H,NS or N 175° 
-CJH,NS or N 186° 
| 
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TABLE II 
No. Time for first sign of ppt. Colour reaction with 
H,SO,. HNO,. 1% FeCl. 
I. 6 days Red Yellow Light green in alc. only 
pS 33 Light red Deep violet Green 
3. 7 Red Yellow 
66 
$. 35 Light red 
6. 25 
7. 19 Red ” 
8. 2 Violet Deep yellow 
9. 2 Yellow 
10. 2 Red Violet Green in alc. only 
Il. 10.5 Yellow Green 


The study yielded the following conclusions : 


The most active amine was found to be p-nitroaniline in all cases studied by variations of the 
aldehyde portions (using substituted benzaldehydes or furfural in place of benzaldehyde) or 
by using 8-hydroxyquinaldine in place of 8-quinolinol. 

Parallel reactions, when carried out by using 8-hydroxyquinaldine, were generally found to be 
much slower. This means that apart from the well-known effect of the steric hindrance, exerted 
by a substituent in the 2-position in 8-quinolinol, the methyl group has the effect of decreasing the 
reactivity of the molecule at position-7. 

Methoxy substituents in the aldehyde part do not seriously affect the rate of the reaction 
(cf. vanillin and benzaldehyde with 2-aminothiozole when acted upon 8-quinolinol). 

Furfural approaches the reactivity of benzaldehyde in the Betti reaction and even exceeds it 
in two cases (cf. furfural and benzaldehyde with m-nitroaniline and p-nitroaniline, the time of 
reaction is shorter in both the cases with furfural). 


Cuemistry DEPARTMENT, 
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SEARCH FOR NEW ANTIMALARIALS. PART VI. SYNTHESIS 
OF SOME NEW | : 2-DIHYDRO-1 : 3 : 5-TRIAZINES 


By A. B. SEN AND P. R. SINGH 


Sixteen hydrochlorides have 
been prepared with a view to testing their antimalarial activity. 


In view of the encouraging antimalarial activity shown by 4: 6-diamino-|-(p-anisyl)-2-methyl- 
2-(8-hydroxybutyl')-1 : 2-dihydro-| : 3 : 5-triazine hydrochloride and 4 : 6-diamino-|-(p-phenetyl)- 
2-methyl-2-(8-hydroxybutyl')-1 : 2-dihydro-1- : 3 : 5-triazine hydrochloride (Sen and Singh, this 
Journal, 1959, 36, 260), which were found to be four and fourteen times respectively more active 
than quinine, when tested against P. gallinaceum infection in chicken, prompted us to synthesise 
dihydrotriazine derivatives (I) in which the 2-(8-hydroxybutyl‘) grouping had been replaced by 
different aminomethyl groups, with the object of studying the variation of activity with the altera- 
tion in the basicity of the molecule. 


N_ NH, 
| 
R 


Me CH,.R’ 
[I : R’=substituted amino group] 
The dihydrotriazine hydrochlorides were prepared by the condensation of p-anisyl-, p-phene- 
tyl-, p-tolyl-, p-chlorophenyl-, p-bromophenyl-, p-iodophenyl-, and 3-chloro-4-bromophenyl- 
biguanide hydrochlorides with diethylaminoacetone, piperidinoacetone, and morpholinoacetone by 


the method of Modest and Levine (J. Org. Chem., 1956, 21, 14). 


The dihydrotriazines have been characterised through their picrates and distinguished from 
the corresponding arylbiguanides by the non-formation of a coloured complex with cuprammo- 
nium sulphate, a test for biguanide type of grouping that involves chelation at N® and N‘. 


The antimalarial activities of these compounds are being evaluated at the Malaria Institute 
of India, Delhi. 


EXPERIMENTAL 


p-Anisyl-, p-phenetyl-, p-tolyl-, p-chlorophenyl-, p-bromophenyl-, p-iodophenyl- and 
3-chloro-4-bromophenyl-biguanide hydrochlorides were prepared from the corresponding aniline 
hydrochlorides (0.1M) and dicyandiamide (0.1M) by the general procedure described by King 
and Tonkin (J. Chem. Soc., 1946, 1063). 

N: N-Diethylaminoacetone and N-piperidinoacetone were prepared according to the methods 
of Stoermer and Dzimski (Ber., 1895, 28, 2226) and Stoermer and Burkert (Ber., 1895, 28, 1250) 
respectively. 

N-Morpholinoacetone was prepared in the same way, b.p. 196-98", yield 83%. (Found: N, 
9.74. C;H,:O.N requires N, 9.79%). 

Morpholinoacetoxime was prepared from morpholinoacetone and hydroxylamine in the usual 
way, m.p. 98-99°. (Found: N, 17.63. C;H,,O.N. requires N, 17.72%). 
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1: 2-Dihydro-| : 3: 5-triazine Hydrochlorides—A mixture of arylbiguanide hydrochloride 
(0.1M) and the ketone (0.15M) in absolute ethanol (80 c.c.) was refluxed with stirring on a water 
bath. The condensation was complete after 18-20 hours, when the reaction mixture no longer 
gave a coloured precipitate with cuprammonium sulphate. The reaction mixture was then cooled 
in ice when crystals separated. These were filtered, washed, and recrystallised from 50% ethanol. 


Picrates.—Crystalline picrates of the dihydrotriazines were readily obtained on mixing the 
hot saturated 50°, ethanolic solutions of picric acid and the respective dihydrotriazine. The 
dihydrotriazine hydrochlorides and their picrates are listed together in Table I. 


Triazines. 
R. M.P. Yield. 
p-OMe 226 63°, 
p-OEt 204 71 
p-Me 248° 56 
p-Cl 240 67 


p-OEt 211 72 
p-Me 243° 79 
o-Cl 237° BB 
p-Br 
p-l 245 58 


3-Cl-4-Br 69 


p-OMe 227° 67 
p-OEt 211 72 
p-Me 238° 80 
p-Cl 231° 77 
p-Br 218° 73 


Cuemistry DEPARTMENT, 
Lucknow University, Lucknow. 


TABLE | 
(Vide formula) 
= N:N-Diethylamino. 
23.57 23.70 179 
22.86 22.80 184 
24.89 25.10 184° 
23.32 23.40 192° 
R’ = N-Piperidino. 
22.98 23.11 187° 
21.88 22.08 180° 
23.92 23.97 173 
22.55 22.63 190° 
20.20 20.22 188 
18.05 18.17 182° 
18.66 18.67 168 
R’ = N-Morpholino. 

18.24 18.30 184° 
22.13 22.19 176° 
24.02 24.10 183° 
22.68 22.77 191° 
20.31 20.32 187 


Picrates. 


Formula. 


C.3H3,0sNy 
C.,H50;N,Cl 


C.4H3,05N> 


Nitrogen. 
Found. Cake. 
22.9% 23.04 
22.41 22.46 
23.67 23.73 
22.78 22.85 
2251 22.54 
21.79 21.99 
23.06 23.21 
2232 22.36 
20.68 20.73 
19.20 19.24 
1957 19.62 
2255 22.62 
21.88 22.07 
23.21 23.29 
2239 22.44 
20.72 20.79 


Received June 4, 1960. 
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AMINO DERIVATIVES OF SELENIUM MONOBROMIDE. PART | 
By SARJU PRASAD AND BISHAN LAL KHANDELWAL 


The amino derivatives of selenium monobromide have been prepared by the action of selenium monobromide on 
some mono- and diamines. Properties of the derivatives have been studied and structures discussed. 


Tronev and Grigorovich (Zhur. Neorg. Khim., 1957, 2, 2400) studied the action of anhydrous 
ammonia gas on selenium tetrachloride at 6-8 atmosphere pressure and obtained SeCl,.4NHs. 
The other compounds studied by them were SeCl,. 2CS (NH,), and SeC1,. 2en. 

As practically no work appears to have been done on the formation of compounds of selenium 
monobromide with amines, the present investigation has been undertaken to study the formation 
of its derivatives with aromatic primary amines in CS,. 


EXPERIMENTAL 


Selenium monobromide was prepared by the method of Lenher and Kao (J. Amer. Chem. 
Soc., 1925, 47,772). The other chemicals used were of E. Merck or B.D.H. ‘extra pure’ quality. 

General Method of Preparation—A solution of the amine in CS, was slowly added to a solu- 
tion of selenium monobromide in CS, with constant shaking till complete precipitation. The amine 
solution was then added in slight excess and the mixture left for about an hour. The precipitate 
was filtered and washed with CS, till the washings ceased to form any precipitate with selenium 
monobromide. It was dried at the room temperature in a vacuum desiccator, analysed, and its 
properties were studied. 

Selenium was estimated as selenium metal in strong HC] solution by reducing it with SO,. 
Bromine was estimated by Piria and Schiff's method, and nitrogen by Duma’s method in a Gallen- 
kamp’s electric furnace. 

General Properties—The compounds are coloured, amorphous, and fairly stable, and are 
practically insoluble in organic solvents. These hydrolyse very slowly in cold water and almost 
completely, when boiled, and decompose when treated with dilute acids or alkalies. 

On heating alone, these furnish a greyish white sublimate, which is soluble in water, acidic, 
and responds to the tests for bromine and amino group. Derivatives with monoamines afford the 
sublimate at lower temperatures than those with the diamines. When heated with soda-lime, the 
corresponding amines separate out and condense in the cooler part of the tube. All the compounds 
respond to the diazo test. 


DISCUSSION 


The effective atomic number of selenium in these compounds is 36, which is a stable confi- 
guration and is probably responsible for the stability of the compounds. 


The compounds may be represented as (I) in the case of monoamine, such as aniline, and 
as (II) in the case of diamine, such as benzidine. 


C,H;NH,——>Se 


CH.NH,—>Se 
(1) (II) 


| 
8 
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TABLE | 
> Compounds of selenium monobromide with primary monoamines. 
4 Amine. Derivatives. Colour. MP. %Selenium. % Bromine. % Nitrogen. 
Found. Calc. Found. Cal. Found. Calc. 
Aniline Black 144° 31.29. 31.34 31.68 31.72 5575.55 
o-Telaidine  Brownish black 149° 29.70 29.69 30.06 30.08 5.24 5.26 
m-Toluidine Brown 161° 29.72 29.69 30.05 30.08 5.24 5.26 
o-Anisidine Black 168° 28.07 2801 2831 2835 495 4.96 


o-Phenetidine [Se.(C,H;0.C,H,NH,),JBr. Greenish black 153° 26.71 26.68 26.98 27.01 4.76 4.73 
p-Phenetidine [Sex(C,H;0.C,H,NH;),]Br, Pinkish grey 161° 26.70 26.68 26.97 27.01 4.71 4.73 
Benzylamine (Se,(C,H;CH,NH,),)Br.  Greyish white 97° 29.75 29.69 30.11 30.08 5.23 5.26 


p-Toluidine [Seo(CH;CsH,NH,;).]Br. Light brown 209° 29.72 29.69 30.07 30.08 5.29 5.26 
a-Naphthylamine [Se2(C,9H;NH2)2]Br. Ash grey 206° 26.09 26.15 26.44 26.47 4.66 4.63 
B-Naphthylamine —[Ses(CyoH;NHz)2)Br: Brownish red 198° 26.07 26.15 26.45 26.47 4.67 4.63 
p-Anisidine [Se(CH;0.C,H,NH;),]Br. Brownish black 146° 27.98 28.01 28.33 28.35 4.98 4.96 
TABLE II 
Compounds of selenium monobromide with primary diamines. 
Amine. Derivatives. Colour. *M.P. %Selenium. % Bromine. % Nitrogen. 


Found. Calc. Found. Calc. Found. Calc. 


Benzidine [Sex(NH;C,H,.C,H,NH,)JBr, Greyish black 211° 31.51 31.47 31.84 31.85 5.64 5.58 
o-Tolidine [Se.(CH,;NH,C,H;.C,H;- 


NH,CH;)]Br2 Black 213° 29.75 29.80 30.17 30.17 5.31 5.28 
p-Phenyl- Black 207° 38.14 37.09 37.51 3754 654 657 
enediamine 
Dianisidine Brownish 210° 28.15 28.11 28.51 28.45 5.01 4.98 
(NH 3} ]Br. black 
* Decomposes before melting. 


Thanks of the authors are due to the authorities of the Banaras Hindu University for provi- 
ding necessary facilities. 


Tue CuHemicaL LaporaTory, 
Banaras Hinpu University, Received April 25, 1960. 
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SYNTHESIS OF SUBSTITUTED AMINOPHENOXAZINES 
By A. B. SEN AND A. K. Roy 
Several aminophenoxazines containing alkyl and/or halogen groupings have-been prepared. 
In continuation of the work carried out in this laboratory (Sen and Sharma, this Journal, 1956, 
33, 671 ; 1957, 34, 877) several aminophenoxazines containing different substituents have been 


prepared with a view to studying the effect of these substituents on the tuberculostatic activity 
(Boothroyd et al., J. Chem. Soc., 1953, 1504). 


The aminophenoxazines were prepared by the catalytic reduction of the nitrophenoxazine 
using Adams’ catalyst and acetic acid. The bases were isolated in their oxidised form as imine 
hydrochloride. As the hydrochlorides did not show satisfactory melting points due to the pre- 
sence of some water-insoluble impurities, the bases were characterised through their picrates. 
Two of the hydrochlorides were isolated from the picrates by treating them with 40° NaOH 
solution, extracting with benzene, drying, and then passing dry HCI gas through it. 


The nitrophenoxazines were prepared by refluxing the corresponding diphenylamines with 
ethanolic NaOH (2N). 


The required diphenylamines were prepared by the condensation of o-aminophenol, 
4-methyl-2-aminophenol and 4-chloro-2 aminophenol with appropriate dinitrohalogenobenzenes 
having a reactive chlorine atom. : 


EXPERIMENTAL 


2'-Hydroxy - 2:4-dinitro-5-methyl-6-iododiphenylamine (1).—To a suspension of |-chloro- 
2-iodo-3-methyl-4 :6-dinitrobenzene (3 g.) and o-aminophenol (1.4 g.) in ethanol (20 c.c.) 
sodium acetate solution (10 c.c., ca. 2 N) was added under stirring. The mixture was refluxed for 
2 hours over a steam bath. After cooling, the diphenylamine was filtered and recrystallised from 
ethanol in shining small crystals, m.p. 122°, yield 3.5g. (Found: N, 10.43. C,;H,gO;NsI requires 
N, 10.12%). In a similar way the following diphenylamines were prepared (Table 1). 


TABLE | 
Amines. MP. Yield % Nitrogen, 

Found. Calc. 
2'-Hydroxy-5’ -methyl-2:4-dinitro-5-methyl-6-iodo-D * 110° 67% 10.05 9.79 
2’-Hydroxy-5’-chloro-2:4-dinitro-5-methyl-6-iodo-D 68° 85 9.47 9.34 
2'-Hydroxy-5’-chloro-2:4-dinitro-5-ethyl-D 195° 72 12.73 12.48 
* 210° 81 13.13 12.84 
(2'-Hydroxy-5’-chlorophenyl)-2:4-dinitro-1-N 190° 92 12.25 
(2'-Hydroxyphenyl)-1:6-dinitro-2-N 155° 77 13.64 
(2’-Hydroxy-5’-methylphenyl)-1 :6-dinitro-2-N 166° 89 12.99 


* D and N denote respectively diphenylamine and naphthylamine. 


- 
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|-Jodo-2- methyl-3 -nitrophenoxazine.—2'-Hydroxy-2 : 4-dinitro-5-methyl-6-iodcdiphenylamine 
(3g.) was suspended in ethanol (15 c.c.) and 2N-NaOH (~ 10 c.c.) was added under 
stirring. Colour of the reaction mixture instantaneously darkened on the addition of the alkali 
solution, after which the mixture was refluxed for half an hour on a steam bath. On cooling in a 
freezing mixture, a dark reddish brown solid separated out. It was filtered, washed with NaCH 
solution (dil.) followed by a little ethanol, and recrystallised from acetic acid, m.p. 205°, yield 2g. 
(Found : N, 7.97. C,sHgO,NoI requires N, 7.60%). The other nitrophenoxazines were prepared 
in a similar way (Table II). - 


TABLE II 
Phenoxazine. MP. Yield. % Nitrogen. 

Found. = Cale. 

|-lodo-2:7-dimethyl-3-nitro- 285° 81.0%, 751 7.33 

1-Iodo-2-methyl-7 chloro-3-nitro- 225° 79.6 7.27 6.9 

2-Ethyl-7 chloro-3-nitro- 220° 85.6 9.82 963 

2-Nitro -6 methyl-3:4 benzo- > 300° 92.0 10.28 10.00 

2-Nitro -6 chloro-3:4-benzo- > 300° 97.0 9.54 9.31 

1:2-(3’-Nitrobenzo)- > 300° 87.2 10.67 10.52 
1:2-(3’-Nitrobenzo)-6-methyl- 262° 76.0 ‘10.41 10.00 7 


Aminophenoxazines.—The nitrophenoxazine (Ig.) was suspended in glacial acetic acid 
(30 c.c.) ond reduced in an atmosphere of hydrogen (60 lb. pressure) for 4 hours using Adams’ 
catalyst (50 mg.). A light green or brown coloured solution was obtained on reduction, which 
darkened on exposure to air. The reduced solution was quickly filtered and concentrated in 
vacuum to approximately 10 c.c. On neutralising the solution with ammonium hydroxide, the 
base separated out. 

The base was dissolved in benzene and converted into the hydrochloride by passing dry HCl 
gas through the dry benzene solution. On addition of a saturated picric acid solution to the 
filtered aqueous solution of the imine hydrochloride, the picrate separated out as a green or-greenish 
yellow precipitate, which was washed with water and recrystallised from ethanol. 


The melting points and the analyses of the picrates obtained from the iminophenoxazines 
are recorded in Table III. 


TABLE III 
Phenoxazine. MP. % Nitrogen. 

Found. Cale. 
3-Amino-|-iodo -2 methyl- 102° 12.58 12.39 
3-Amino-| -iodo-2:7-dimethyl- 131° 12.31 12.09 
3-Amino-| -iodo-2-methyl-7-chloro- 137° 11.93 11.77 
3-Amino-2-ethyl-7-chloro- 197° 14.62 14.35 
2-Amino-6-methyl-3:4-benzo- 167° 14.87 14.67 
2-Amino-6-chloro-3:4-benzo- 216° 14.13 14.07 
1:2-(3’-Aminobenzo)- . 109° 15.36 15.11 


|:2-(3’-Aminobenzo)-6-methyl- 147° 14.79 14.67 
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3-Amino-2-ethyl-7-chlorophenoxazine Hydrochloride—The  ppicrate of 3-amino-2-ethyl- 
7-chlorophenoxazine (0.5 g.) was treated with 40% NaOH solution (5 c.c.) and stirred for 
15 minutes. It was extracted with benzene ; the benzene extract was dried over anhydrous potas- 
sium carbonate, and dry HC] gas was passed through it in the cold till saturation. It was then 
filtered and the solid obtained was crystallised from absolute ethanol, m.p. 263° (decomp.). 
(Found : N, 9.29. C,,H,,ON,Cl, requires N, 9.42%). 

| : 2-(3’-Aminobenzo)-6-methylphenoxazine hydrochloride was prepared exactly in the same 
way as above using the picrate of | : 2-(3’-aminobenzo)-6-methylphenoxazine; m.p. 287° 
(decomp.). (Found : N, 9.13. (C,,;H,;ON,CI requires N, 9.41%). 
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DIPHENYLCARBAZIDE AND DIPHENYLCARBAZONE. PART I. 
THEIR ESTIMATIONS 


By NRIPENDRA NATH GHOSH AND JATINDRA NATH Ray 


A method for the estimation of diphenylcarbazide and diphenylcarbazone has been developed with ferric iron es 
the oxidising agent. Ferrous iron formed has been titrated as usual against a standard potassium dichromate solution. 

A method of preparation of diphenylcarbazone by oxidising diphenylcarbazide with potassium persulphate in 
presence of ferric iron as catalyst has also been described. 


Diphenylcarbazide is a well-known reagent for colorimetric detection and estimation of 
chromium(VI) (Mellan, “Organic Reagents in Inorganic Analysis”, Blakiston Co., Philadel- 
‘phia, 1941, p. 316). When a chromate solution is added to an acidified solution of diphenylcarba- 
zide, a purple colour develops which, on addition of more chromate solution, begins to fade 
away; the colour finally disappears completely. The rate of colour development is mode- 
rately rapid, but that of disappearance is comparatively slow. Estimation of these two compounds 
by titration with a dichromate solution (end point being determined by the colour disappearance) 
has been found difficult due to slowness of the colour disappearance reaction, and no concordant 


results have been obtained. 
Quantitative estimation has been found, however, to be possible using ferric iron as the 
oxidising agent. The oxidation reaction may be represented as : 
RH, + 2Fe*+ ——> RH, + 2Fe?* + 2H* 
RH, + 2Fe** —~>R_ + 2Fe?* + 2H* 


(where RH,=diphenylcarbazide, RH,=diphenylcarbazone and R=diphenylcarbadiazone). 
Ferrous iron thus formed can be titrated as usual with a standard dichromate solution. 


0024 
|e. of 001 © (74 ) 0.605 mg. of RH, 


= ("3 De = 1.20 mg. of RH, 


As the reagents are generally used as solutions in ethanol or acetone, the interferences due to 
these solvents have also been studied. With ethanol higher values were obtained evidently due to 
partial oxidation of the solvent with chromic acid. But with acetone the values were lower un- 
accountably. 

It is interesting to note here that diphenylcarbazone of A. R. quality from the market was 
found to be a mixture of diphenylcarbazide and carbazone. A sample after proper drying in 
vacuum over H,SO, was found to contain only 17% of the latter. 


EXPERIMENTAL 


Diphenylcarbazide of A. R. quality was further purified by pouring hot ethanolic solution 
to a large volume of hot water. The first crop of crystals was collected, m.p. 172°. 


Diphenylcarbazone was prepared from diphenylcarbazide (2g.), dissolved in glacial acetic 
acid (120 c.c.). The solution was diluted with N-H,SO, (40 c.c.) and to it a 10% solution 
(0.2 c.c.) of ferric alum was added. A solution of potassium persulphate (2.6 g.) in water (40 c.c.) 
was slowly added to the above mixture under vigorous stirring. It was allowed to stand for 


( 
/ 
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30 minutes, diluted with ice-cold water and then extracted with ether. The ethereal extract was 
washed repeatedly with water till free of acetic acid. It was dried over anhydrous sodium sulphate. 
On evaporation of the ether, crystals of diphenylcarbazone separated. It was recrystallised from 
ether, m.p. 126°, yield 1.2 g. 

Glacial acetic acid and acetone were redistilled over chromic acid, and found free from chro- 
mic acid by testing with diphenylcarbazide. Other reagents used were of A.R. quality. 


Procedure.—Diphenylcarbazide or diphenylcarbazone (known amount) was dissolved in glacial 
acetic acid and the solution was diluted with acetic acid to a known volume. An aliquot of this 
solution was taken in a 250 c.c. conical flask and to it were added 20 c.c. of 10% solution of ferric 
alum in 2 N-H,SO, and 5 c.c. of 4N-H,SO,. The mixture was allowed to stand for 7 minutes 
or till the red tint disappeared. Phosphoric acid (syrupy, 5. c.c.) and 5 drops of 0.5% aqueous 
solution of barium diphenylaminesulphonate were added to the above mixture, which was titrated 
with a standard dichromaie solution. In the estimation of ferrous iron, the acid strength should 


be maintained between | N and 2 N. Results are recorded in Table | (A and B). 


The interference of this two solvents has also been studied (Table II). Results obtained 
from diphenylcarbazone from the market are shown in Table III. 


TABLE | 


Amount taken. Aliquot titrated. 0.01N-K,Cr,0; Amount. 
reqd. Present. Found. Error. 


A. Diphenylcarbezide, dissolved in 50 c.c. of acetic acid. 
60.0 mg 


606 5 10.05 6.06 6.08 + 0.02 
10 


B. Diphenylcarbazone, dissolved in 50 c.c. of acetic acid. 


51.4 10 8.70 10.28 10.44 + 0.16 
” 15 13.00 15.42 15.60 + 0.18 
60.4 10 10.20 12.08 12.24 + 0.16 


6.04 6.12 


TABLE II 
Diphenylcarbazide taken (0.1210 g.), dissolved in 100 c.c. of acetic acid. An aliquot of 10 c.c. 


was taken for each titration. 


Solvent added. 0.01N-K,Cr,0; Amount. 
Present. Found. Error. 
A. Solvent : ethanol. 
Occ. 20.00 c.c. 12.10 mg. 12.10 mg. + 0.00 mg. 
I 20.30 12.10 12.28 + 0.18 
2 21.00 12.10 12.70 + 0.60 
5 21.90 12.10 13.25 + 1.15 
12.10 


B. Solvent : acetone. 
0 20.00 12.10 12.10 + 0.00 
2 19.95 12.10 12.07 — 0.03 
5 19.90 12.10 12.04 — 0.06 
0 19.85 12.10 12.00 — 0.10 
5 12.10 


ee. mg. + 0.06 mg. 
5 5.10 + 0.08 
1 
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2 TABLE III 
: i Diphenylcarbazone (A. R. from the market) taken=0.0603g. (dissolved in 50 c.c. of acetic acid). 
Aliquot titrated. =e Material taken. Carbazone found. 
10.95 ccc. 1.24 me. 123 me. 17.04% 
10 18.30 12.06 1.99 16.57 
15 27.40 18.09 3.05 16.86 


The results obtained in the case of diphenylcarbazone were slightly higher than the theoretical 
: (Table I, B). This might be due to the presence of a small amount of diphenylcarbazide in the 
x sample, which could not be removed by recrystallisation. 


Diphenylcarbazide and diphenylcarbazone are used in detecting various metal ions due to the 
formation of coloured compounds. In these compounds the reagents may be present either as 
carbazide or carbazone or both. These may possibly be estimated by the method outlined above. 
Moreover, the purity of diphenylcarbazone may also be found out. 


Inorcanic CHEeMisTRY LABORATORY, 
University CoLLeces oF ScIENCE AND TECHNOLOGY, Received September 21, 1959. 
Catcutta-9. 
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RECENT ADVANCES IN THE CHEMISTRY OF BITTER PRINCIPLES 
CONTAINING $-SUBSTITUTED FURAN RING* 


° By Dr. P. K. Bose, D.Sc., F.N.I. 


It is a great privilege to be invited to deliver the Acharya P. C. Ray Memorial Lecture for 
this year and I sincerely thank the Council of the Indian Chemical Society for this honour. 


We are observing to-day the 99th birth anniversary of Acharya Prafulla Chandra, our revered 
guru and the father of modern chemistry in India. This occasion is one of recollection of the 
greatness of a noble mind, whose foresight and single-minded devotion have done so much to 
elevate the status of chemical sciences in India, and to enrich our life, thoughts, industry and 
economy. It is a day for honouring ourselves by paying our humble tribute to the Acharya, who, 
like the ancient rishis, realized that salvation cannot be gained without knowledge and set himself 
a task, the magnitude of which was out of all proportions to his frail body. Like Bhagiratha, he 
brought sparkling water to the arid region of chemical research in India so that the posterity may 
reap a rich harvest. 


With feelings of deep gratitude | recall my first meeting with Acharya P. C. Ray in May 1920. 
That was a turning point in my career. I had decided for various reasons to discontinue higher 
studies, but before acting upon this decision I sought his advice. He immediately asked me to 
abandon the idea and to join his household. This I did the next day. 


I was then asked to help him and others in the laboratory till | got admission in the M.Sc. 
class. I was elated with the anticipation that | would be asked to perform research experiments. 
But I was assigned the unexpected duties of a head cleaner. Throughout the day my task was 
to clean up the laboratory equipment, glassware, tables, etc., rendered dirty by the seniors, to whom 
this arrangement was obviously most welcome but not to me. However, this state of affairs 
continued for 3-4 weeks, when | was entrusted with an additional duty. This consisted of the 
delicate and time-consuming operation of weighing out analytical samples. All the weighings of 
mine were used to be checked by a senior worker in the beginning to see if these were accurate and 
dependable. This dull routine continued till the M.Sc. classes opened when | felt a great relief. 
At that time I hardly realized the importance of this training, which in my later life proved 
extremely valuable. I wonder, what would be the reaction of a young chemist, if he is asked 
to-day to perform a similar work before he is assigned any research problem. 


Acharya Ray was very regular in his habits and a strong disciplinarian in the laboratory, which 
he regularly attended every day in the week including Sunday. Three to four hours a day he 
spent in reading. In fact, his love for literature was only second to his love for chemistry. Even 
in his advanced age he kept up this habit and when his eyesight became defective, others had to 
read out to him the matter that he selected. I have often felt that study of classical literature 
refreshed his tired mind and body to a great extent. 


*13th Acharya Prafulla Chandra Ray Memorial Lecture delivered on 2nd and 3rd August, 1960 under the auspices 
of the Indian Chemical Society in Calcutta. 
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A serious illness in his childhood impaired Acharya Ray's health and necessitated his 
temporary withdrawal from school. This gave him a golden opportunity to study languages and 
literature, in which he was deeply interested from an early age. History and biography had a 
special fascination for him. Knight's Half-hours with the Best Authors introduced him to the 
works of Shakespeare who remained his favourite author till the last day of his life. In fact, 
during 1939-41, he wrote a series of 17 critical articles on what he called “The Shakespearian 
Puzzle”. These were published in the Calcutta Review. His failing health, however, did not 
permit him to complete the series. His other favourite authors were Dickens, Fielding, Gibbon, 


Emerson, etc. 


As a teacher he was most stimulating. When | was a student he used to give lectures on 
history of chemistry. The emphasis was more on history than on chemistry and very often he 
would digress to topics, which were neither history nor chemistry. 


He was a hard task master but gave complete freedom to his competent research students to 
pursue their own lines of investigations and provided them with opportunities to develop their 
talents. “Do something new” he used to say. When success seemed to be remote or progress 
disappointingly slow, he would encourage us by saying that a chemist had to be more patient than 
the proverbial ass ; and when one achieved success none would be happier than he. 


He was always conscious of his ill-health which was accentuated by insomnia. He appre- 
ciated good health and physique, and once advised us to devote some time everyday to play. 
Taking this advice too literally, we, the then research workers, started a tennis club in which 
Dr. K. S. Krishnan also enlisted himself as a member. After about a month, he happened to 
notice our absence from the laboratory one afternoon. He immediately ordered voluntary liqui- 
dation of the club. We realized then that his idea on the subject was entirely different from that 


of ours. 


Like all great men, he had his peculiarities. He was very particular about the money that he 
spent on himself, but not on private charities. In fact, we knew that he parted with the major 
portion of his monthly income in assisting the needy. But he denied himself the luxury of eating 


an orange when its price was more than one pice or so. 


To Acharya Ray the idea that students should dabble in politics or become a tool in the hands 
of the politicians was most repugnant. In the early twenties when the political leaders had asked the 
immature student community to leave their studies and take part in the struggle for independence, 
Acharya Ray was shocked. He vehemently opposed this move, and predicted that its consequences 
would be most disastrous. 1 remember, one afternoon a well-known politician came to the 
Science College and appealed to him to come out of his laboratory along with his students and 
research workers. Acharya Ray refused. But the politician said that he would not move out of 
the Science College till Acharya Ray had agreed to his proposal. After his usual evening 
constitutional in the maidan, Acharya Ray found the gentleman still in his room. He was furious 
and after a sharp exchange of words the disappointed politician had to leave. Had the students 
heeded the advice of Acharya Ray at that time, the academic atmosphere, | — would have 


been much better than what it is to-day. 


Soon after he had joined the Presidency College, he took a bold decision to ate a ead ond 
pharmaceutical works with a view to utilizing the abundant raw materials available in Bengal and 
to providing employment to youngmen of the middle class. The difficulties were many, but his 
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grim determination and courage overcame them all one by one. 1| do not propose to go into the 
details of the early history of the Bengal Chemical which have been already narrated by Acharya 
Ray in his Life and Experiences of a Bengali Chemist. The inefficient and tiny lead chamber near 
Tollygunge that he purchased for Rs. 1,000/- has in course of time been replaced by modern and 
large sulphuric acid plants. The pharmaceuticals that he himself started preparing in his spare 
time in the backyard of his residence at 91 Upper Circular Road were then few. Now the Bengal 
Chemical & Pharmaceutical Works lists a large number of different products, and its activities 
have expanded in many directions. 


Acharya P. C. Ray lived to the full the life that he wished to live and never deviated from the 
standards which he set before himself. Next year falls the birth centenary of this great son of 
India and | am confident that his pupils, friends and admirers will come forward to make the 


centenary a success. 


The subject of my address to-day is “Recent Advances in the Chemistry of Bitter Principles 
containing %-Substituted Furan Ring”. Before I proceed I should like to say that the natural 
bitter principles, to which I am going to refer, are, in fact, entirely of plant origin. 


For purposes of chemical classification, ‘which is rather arbitrary, substances containing nitro- 
gen or sulphur, steroids, colouring matters, etc. are usually excluded from the list. Glycosides, 
though usually bitter, are often classified separately. In other words, bitter principles are those 
that contain carbon, hydrogen, and oxygen and belong generally to groups other than those men- 
tioned above. They seldom possess structural features in common. 


Bitter substances are not confined to specific botanical families although plants belonging to a 
few families are usually bitter. The degree of bitterness varies from one part of the plant to 
another and obviously depends on the localization of the active principles. Many bitter plants are 
avoided by human beings and animals. Some of these are poisonous. A few mildly bitter plants 
or their fruits are, however, used in culinary preparations, e.g., Trichosanthes dioica, Momordica 
charantia, Azadirachta indica. Hop is an ingredient in the preparation of beer. 


The cause of bitterness can often be traced to one or more specific chemical constituents, the 
contents of which vary with the age of the plant, season, soil, and climatic conditions. No corre- 
lation between chemical structure and taste has yet been established. Further, the origin and 
the ultimate role of these substances in plants are still, in most cases, a matter of conjecture. 
Evidences showing that genes control the formation of bitter principles are, however, accumulating. 
For example, it has been demonstrated that biosynthesis of bitter principles in Cucurbitacee is 
regulated by a single dominant gene.' 


Plants containing bitter constituents used to occupy a prominent place in ancient Eastern and 
Western systems of medicine. To these substances was ascribed a variety of curative properties. 
While later scientific investigations have, in most cases, failed to substantiate such claims, some 
of them, which are considered useful, specially as appetizers, have been incorporated into modern 
pharmacoperias. Many bitter herbs continue to be valued as household remedies, particularly 
in the East. 


The pharmacology of the bitter substances has not received much attention; nor has our 
knowledge of the biochemical properties of such compounds advanced far. Biochemical investiga- 
tions of bitter principles, if systematically pursued, can be ‘expected to yield interesting results. 


ia 
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The causes of the sensation of bitterness are not known. The cells responsible for perception 
of the different tastes (such as sour, sweet, saline and bitter) are located in different areas of the 
tongue. Those cells that can evoke response in contact with a bitter substance are concentrated 
in the middle of the tongue. 


It is not possible to determine the index of bitterness of a substance by chemical analysis or 
by means of any known instrument. The sensitive human tongue is the only apparatus that is 
employed for the assay. Bitterness is often expressed in relative terms by comparison with 
brucine in a concentration of | : 4, 800,000.* The most bitter substance known to-day is amaro- 
genetin (the active principle of Swertia chirata), which can be detected by its taste even 
at a dilution of | : 14 million.’ 


Further, the perceptiveness of this taste varies from person to person. For example, if 
100 individuals are permitted to taste phenylthiourea, 70 will declare it as bitter, and to the 
remaining 30, it will appear tasteless. The impression of bitterness also depends on weather 
conditions and atmospheric pressure. Reduction of the ambient pressure reduces the sensation. 
Consequently in evaluating bitterness, both human and meteorological factors have to be borne 
in mind. 

This fact reminds me of an amusing incident in our laboratory about the year 1924-25. One 
afternoon Acharya Ray entered the laboratory carrying a white powder on a saucer. He asked 
three research workers to taste the substance after assuring them that it was not a poison. One 
of the three declared it to be tasteless, another found it bitter, while to the third it was sweet. 
Amidst laughter Acharya Prafulla Chandra said that the powder was nothing but a mixture of 
fine sugar and quinine, which the ants in his dining room had refused to touch. 


The memory of this incident has persisted so much in my mind that it has influenced to some 
extent the choice of the subject for to-day’s lecture. 


, | have already mentioned that the bitterness of a substance is not associated with any specific 
structural feature of the molecule. A slight modification of structure may, however, bring about 
a profound change in taste characteristics. Thus, glucose is sweet, but its tri-acetate is bitter. 


Cohn‘ has pointed out that sometimes in a homologous series, the taste of the compounds 
gradually changes from sweet to bitter. For example, ethylene glycol is sweet but hexamethylene 
glycol is bitter. H. Rentschler and H. Tanner® have shown that the bitterness of stored red 
wine can be traced to the formation of condensation products of acrolein (which is derived by 
enzymatic action from glycerine) and polyphenols (derived from anthocyanins and tannins present 
in wine). In fact, he succeeded in synthetically preparing a number of bitter substances by 
condensation of unsaturated aldehydes with various types of polyphenols. But it is not my 
intention to discuss synthetic bitter compounds, which are numerous and belong to widely 


different chemical groups. 


Ngaione.—Many natural bitter principles have furan or modified furan units in them. A few 
of these contain the {-substituted furan moiety. The simplest member of the latter group is 
ngaione, which was found in the essential oil of Myoporum laetum, a plant endemic to Australia 
and New Zealand, by F. H. McDowall.® A. J. Birch, R.A. Massy-Westropp and S. E. Wright’ 
obtained the same substance from Myoporum acuminatum along with 3-furoic acid. T. Kubota 
and T. Matsuura® isolated ngaione and a related substance, myoporone (C,,H..03), from Myo- 
porum bontioides. They also demonstrated that ngaione is the enantiomorph of d-ipomeamarone, 
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the toxic bitter principle of sweet potato infected by black rot fungus, Ceratostomella fimbriata. 
is accompanied by batatic acid, ipomeanine and 3-furoic acid. The Japanese workers have fully 


established the structures of all these compounds, which are shown in Chart I. 


CHART I 


From Myoporum species. 
Negaione (—) 
CH,—CH, 

| | \CH;. CO. CH, CHMe, 
V4 

O 
Myoporone (- ) 
3-Furoic acid. 


The association of all these closely related furan compounds is interesting {rom the metabolic 
aspect. Dr. Matsuura has kindly informed me that of these compounds only ngaione, d- and dl- 
ipomeamarone are bitter. He believes that the bitterness of these compounds is associated with 
the tetrahydrofuran system as some synthetic compounds having the tetrahydrofuran nucleus are 


also bitter. 


Columbin.—Most of the bitter compounds have, however, greater structural complexities. 
Columbin is one of the earliest substances of this group to engage the attention of the chemists. 
Discovered in the root of Jatrorrhiza palmata in 1830, it has been found associated with two iso- 
meric and allied bitter principles, namely, chasmanthin C.9H..0; and palmarin C.9H..0,, the 


structures of which have yet to be settled. 


The chemical constitution of columbin has been investigated by many and in particular by 
Feist®, Wessely'®, and Barton™ and their co-workers. Columbin has the formula C9H..0,. 
It does not contain a free carboxyl group, but mild treatment with alkali transforms it to an 
iso-compound. Both columbin and isocolumbin share some chemical properties. Thus, both 
behave like dilactone and furnish identical monomethyl ether and monoacetate, although the OH 
group is neither enolic nor phenolic. Both the substances part with one molecule of carbon 
dioxide on heating strongly and the resulting products are incapable of forming acetyl and methyl 
derivatives. It has been shown that breakdown of a lactone group furnishes the carbon dioxide 


From black rot infected sweet potato. 


Same formula 
Ipomeamarone (+-) 

CH, — CH, ° 

| On 
O 

Batatic acid 

to bo, CH, 
J 
+- 3-Furoic acid. 


while the second lactone group is not disturbed during decarboxylation. 
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Although columbin and isocolumbin are easily decarboxylated, the dihydro compounds, 
formed by controlled hydrogenation, are resistant to decarboxylation. 

The IR spectra of the decarboxylated compounds show the presence of f-unsaturated ketone. 
The reactions are explained on the assumption of a lactone system with a tertiary OH group in 
%-position to the lactonic carbonyl. Catalytic hydrogenation of both columbin and isocolumbin leads 
to octahydro derivatives, both of which contain a free carboxyl group, formed by hydrogenolysis. 

Considerable information regarding the basic ring structure of columbin has been gathered 
by identifying the products of (a) zinc dust distillation, (b) oxidation, and (c) alkali fusion. The 
products are : 
o-Cresol. 
| : 2: 5-Trimethylnaphthalene. 

1: 2:3: 4-Benzene-tetracarboxylic acid. 
| : 2: 3-Benzene-tricarboxylic acid. 
2-Methylterephthalic acid. 

2 : 4-Dimethylbenzoic acid. 

Further, Barton and Elad!* have isolated |-methylnaphthalene-2-carboxylic acid by further 
degradation of octahydro-decarboxy-columbic acid, thus establishing the position of one of the 
lactone groups (Chart II). 


Ozonolysis of dihydrocolumbin destroys the furan ring and furnishes formic acid and keto- 
acids having 17 and 18 carbon atoms. The formation of these compounds is explained on the 
assumption of a 3-substituted furan ring in columbin. 


= 


CHART II 
| A on CO.H CO.H 
~Columbin ———> (~ O.H hue 
CO.H 
CO.H CH, CH, 
Yok 
CO.H CH; 3 
[Yo 
| 0, bo 
| | + HCOH 
| 
Cys-Acid. 


The presence of the furan ring was proved from nuclear magnetic resonance data and 
chemically confirmed by K. Kubota and T. Matsuura‘* by the Alder-Rickert reaction" leading 
to furan-3 : 4-dicarboxylic ester. ; 
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The structure of columbin has been definitely established by Barton and Elad?* on the basis 
of the above and other data, and the isomerization of columbin to isocolumbin has been traced 
to epimerization at «-carbon atom of the second lactone ring. The proposed structure can explain 
the formation of the different degradation products in a satisfactory manner (Chart II]). 


The simpler decomposition products are formed from either ring A or ring B, or both. 


CHART III 


Jatrorrhiza palmata ——> Columbin 
Chasmanthin 


Palmarin 


Yo 
—CO, 
| 
OH 0 OR 
Decarbox: -columbin (R=Ac or 
Methyl (or 
acetyl) decar- 
Gad 
>o 
CO.OH CO.OH 
= Oo 


Marrubiin.—Marrubium vulgare is a herb of some repute, which has long been used as an 
expectorant, for correction. of liver and gall bladder dysfunction, and for other ailments. The 
curative value of this herb has been traced to the presence of the diterpenoid bitter principle, 
marrubiin, Cy9H»,0,. The structure of this compound has been clarified mainly by W. Cocker and 
co-workers."> Marrubiin is a doubly unsaturated lactone. _It is easily transformed to the corres- 
ponding acid by alkali and to a tetrahydro derivative on hydrogenation. The only OH group 
present in the molecule is not acylable, but is smoothly eliminated under the influence of 
dehydrating agents. The resulting anhydromarrubiin has three double bonds. The fourth oxygen 
atom is inert. Spectroscopic evidence, NMR data, and colour reactions indicated the presence 
of a furan ring while the presence of a y-lactonic system was confirmed by its IR spectrum. 


The primary:chromic acid oxidation product of marrubiin is.a saturated dilactone ‘in which 
the furan ring is absent: On treatment of this substance with: alkali, a monocarboxylic acid is 
formed, which is resistant to esterification, but from which carbon dioxide can be easily eliminated. 


= 
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This behaviour suggests that the carboxyl group is tertiary. This acid was eventually degraded 
to a known substance, previously prepared by L. Ruzicka and F. Lardon"* from ambrein, and 
thus it enabled W. Cocker and co-workers’ to advance the correct structural formula for marrubiin. 


CHART IV 
Marrubiin. 
| co. 
KOH/Cr0,, 
ui 
Oo 
J | J 
me 
=O =O 


Nimbin.—The “nim” plant (Azadirachta indica, A. Juss.) occupies an important place in the 
Indian materia medica. All parts of the plant are bitter and reputed to possess antiseptic and 
other therapeutic properties. Consequently considerable attention has been given to the study of 
its constituents, which are many. The investigations have been carried out mainly by S. Siddiqui, 


S. Bhattacharya, C. Mitra, N. S. Narasimhan, P. Sengupta and their collaborators.'” 


of the “nim” seeds has been found to contain : 


The oil 


(1) A sulphur-containing amorphous lactone, called nimbidin. 


(2) Nimbin, m.p. 205°. 
(3) Nimbinin, m.p. 192°. 
(4) Nimbidiol, a liquid. 


Nimbidin could be hydrolysed to a neutral crystalline compound (neonimbidin), a crystalline 


been shown to stimulate uterine contraction. 


nimbidic acid, and an amorphous nimbidinic acid. Both nimbidin and sodium nimbidinate have 


| | 
Anhydromarrubiin. 
CO.H 
| O 
| | 
XA 
Rosenmund/ 
Wolfft-Kishner | | ¥ 
| 
| du 
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The trunk and root-bark have been found to contain, among others, nimbin and two phenolic 
compounds, sugiol and nimbiol. The structure proposed for nimbiol by Sengupta ef al.'* 
has been confirmed by recent syntheses. The “nim” blossom also contains a number of consti- 
tuents including nimbin. 


Mitra, Narasimhan and Sengupta and collaborators have made interesting contributions to 
our knowledge of the structure of nimbin, but to date the constitution has only been partially 
clarified. The molecular formula of nimbin, which is either CypH<O, or CopH,O, can only be 
settled when the structure is definitely formulated. 


There is little doubt that nimbin contains a (-substituted furan ring and an «$-unsaturated 
ketonic system. In addition, there are one acetoxy and two methoxycarbonyl groups. 
Consequently eight oxygen functions out of nine are accounted for. The formation of a Cy¢-dibasic 
acid from nimbin indicates the possibility that nimbin may have some structural features common 
with limonin, obacunone, and swietenolide, all of which, like nimbin, afford the identical polyalkyl- 
naphthalene on dehydrogenation. 


The relative positions of the different oxygen functions with respect to the bicarbocyclic ring 
are not known yet. The study of this compound has presented many unforeseen difficulties, but 
it is hoped that a clear picture of the chemical constitution will emerge in the near future. 
Investigations up to date have indicated the. presence of the following system, besides the %-fury] 
group, in nimbin. 


Limonin.—Some 120 years ago, Bernay™ isolated limonin from citrus fruits. Since then 
it has been found to be of widespread occurrence in the genus Citrus. It can be easily isolated 
from citrus seed oil along with two related compounds, namely, obacunone and nomilin. Nomilin, 
C.gH3,05, is bitter but obacunone is not. 


Limonin is a 3-dilactone of the formula CogHygO,. The corresponding dibasic acid easily 
reverts to the parent compound. A keto group has been located in limonin and the ultraviolet, 
infrared, and proton magnetic resonance spectra suggested the presence of a furan ring. This has 
been confirmed by T. Kubota and T. Tokoroyama”’ through the Alder-Rickert reaction. 


Moreover, alkali was found to break up the limonin molecule into two units, meronimonal 
(Cz;H2g0¢) and furan-3-aldehyde (C;H,O.) without loss of any carbon fragment. Six oxygen 
functions out of 8 are accounted for by one ketonic and the two lactonic groups and the furan 
ring. The other two oxygen atoms are assumed to be ethereal in nature. Hydrogenation of limo- 
nin first leads to tetrahydrolimonin having the saturated furan ring and then to hexahydrolimoni- 
nic acid by hydrogenolysis of one of the lactone groups. Drastic degradation of limonin by 
means of alkali, followed by selenium treatment of the products, results in | : 2 : 5-trimethylnaph- 
thalene, suggesting the possibility that two 6-membered fused carbocyclic rings are present 
in \imonin. 
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The constitution of limonin has very recently been fully elucidated by the brilliant work of 
Arigoni, Barton, Corey, Jeger, and collaborators”. The stereochemistry is entirely based on the 
X-ray investigations of J. M. Robertson and his co-workers**. 


The structure of limonin is represented in Chart V. This formula can satisfactorily explain 


the numerous chemical data, which have accumulated since the isolation of the compound. 
Time does not permit me to present a detailed account, but those interested in the subject may 


refer to Experientia.” ¥ 
CHART V 


Obacunone 
(tentative, partial 
formula) 


Nomilin (tentative) 


Obacunone (CogH390,) was first isolated by Y. Murayama and J. Takata” in 1928 from 
Phelledendron amurense Rupr. It is also present in citrus seed oil. Nomilin, the second bitter 
principle of citrus seed oil, is readily transformed to tasteless obacunone on treatment with acetic 
anhydride and pyridine. Alkaline hydrolysis of nomilin gives acetic acid and obacunoic acid. 
Nomilin is believed to be a dihydroacetoxy derivative of obacunone*4 and Kubota and co-workers*® 
have shown that obacunone contains, besides a keto-group, two lactonic units (shown below) 
which are joined through a hydronaphthalene ring system. These observations support the tentative 
formulas proposed for nomilin and obacunone by Arigoni ef al.” 


H H 
fe) 
co 
H 
Cc 
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Quite recently T. Chakrabartty and Asima Chatterjee** have investigated the constituents 
of Swietenia macrophylla King, previously reported by S. S. Guha Sircar and T. Chakrabartty”. 
E. L. Hirst, T. Chakrabartty and collaborators”’ have shown that one of these called, swietenolide, 
C,;H;,0,, contains one methoxycarbonyl, two hydroxyl, one keto, one lactone, three C-methyl, 
and a (-substituted furan ring. On catalytic hydrogenation this bitter principle takes up 
six hydrogen atoms, leading to saturation of the furan ring and simultaneous opening up of the lac- 
tone system, which is allylic to the furan. This behaviour is reminiscent of those of columbin 


oO 
OAc 
; So 
H 
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and limonin. Various degradative experiments, so far carried out, suggest the presence of the 
following units in swietenolide. 


‘C(OH)—CO,Me 
-CO—CH,—CHOH- 
| J 3 -CH; and one or two double bonds 


It must be stated, however, that swietenolide could only be isolated, following baryta treatment 
of the alcoholic extract of the seeds of the plant, and that the possibility of its being an artifact 
cannot be excluded. 


Swietenolide is accompanied by a non-bitter principle, called swietenine, of the molecular 
formula C32:HwO,. The constitution of this substance has been examined by S. Ghosh, 
T. Chakrabartty and A. Chatterjee.*® Mild alkaline hydrolysis of swietenine eliminates tiglic 
acid and the resulting product, which is isomeric with swietenolide, develops a bitter taste. 
A tertiary hydroxyl, a methoxyl group, five C-methyl, and a 6C-ring ketone have been found to be 
present in the molecule. Further, it has been found to contain an «$-unsaturated 3-lactone unit, 
which can be opened up reversibly. Ehrlich’s test, UV, IR, and proton magnetic resonance spectra 
support the presence of a {-monosubstituted furan ring, which is destroyed on ozonolysis. 
It affords 1: 2: 5-trimethylnaphthalene on selenium dehydrogenation besides an isopropyl-polyalkyl- 
naphthalene. The experimental facts have been explained on the assumption of a tentative 
structure, which is related to that of limonin. 


Swietenine. 


Tinosporin.—The latest member to join this bitter fraternity is tinosporin. A. Chatterjee and 
S. Ghosh* have studied the structure of this active principle of Tinospora cordifolia Miers, an 
important drug in Ayurvedic medicine. The analytical data correspond to the formula CogH2.O, 
or C,,Hs40;. From UV, IR, and proton magnetic resonance data they conclude that tinos- 
porin is a 8-substituted furan with two 8-lactone groups. The lactonic function has been subs- 
tantiated by titration. Moreover, it was found to contain two active hydrogen atoms (due to OH 
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groups) and one C-methyl group. Selenium dehydrogenation yielded, among other products, 
| : 2: 5-trimethylnaphthalene. From these limited data tinosporin is believed to be a compound 
* of the columbin type, but no tentative structure has been advanced. 


Clerodin.—The leaves of Clerodendrum infortunatum (Family Verbenacee) are used as a 
popular indigenous remedy for intestinal worms. H. N. Banerjee* isolated from the plant a 
crystalline bitter principle, named clerodin, in 1936 and studied some of its chemical and bio- 
chemical properties. From analytical and other data, the formula proposed was C,3H,,Os. 
Of the three oxygen atoms, two were reported to be present in an acetoxy residue and the third as a 
hydroxyl. But the work was not pursued further. 


D. N. Chaudhury and P. C. Dutta®® re-examined the compound, and mainly on the basis of 
analytical and physical data advanced the formula C.,HyO,. They presumed the presence of 
one acetoxy and four hydroxyl groups in clerodin. They did not study the structure in detail, but 
believed it to belong to the steroid group. 


A systematic investigation undertaken by A. K. Banerjee® proved that clerodin is homo- 
geneous and can be sublimed unchanged in high vacuum. On the basis of analysis, molecular 
weight data, and acetyl estimation, the molecular formula C.4H;,O, seemed probable. X-ray 
analysis also supported this formula, but not those advanced by earlier workers. 


Colour reactions, UV, and IR data of clerodin indicated the presence of a furan ring. Two 
acetoxy groups were located in clerodin. Although the IR spectrum showed the presence of 
OH group, clerodin could not be acetylated, nor could it be oxidized to a ketone. It is probable 
that this OH is a tertiary one. The sixth oxygen atom forms part of a furan ring, as already 
mentioned. Therefore the remaining oxygen function had to be accounted for. 


Neither clerodin nor its deacetylated product formed oxime or semicarbazone, and the charac- 
teristic band for the -CO- group was absent in the IR curve. Although the IR spectrum did not 
reveal the presence of a keto group in tetrahydroclerodin, yet it formed a crystalline dinitrophenyl- 
hydrazone under the usual conditions. This anomalous behaviour was explained by assuming 
the presence of a potential keto group in tetrahydroclerodin as part of a hemi-acetal or hemi-ketal 
system. In conformity with this assumption isomerization of tetrahydroclerodin was induced 
by hydrochloric acid, yielding a crystalline isotetrahydroclerodin. This compound gave the same 
DNPH as the parent compound. Further, it showed the presence of keto- group in the UV spec- 
trum and responded to the expected iodoform reaction. 


Desacetylclerodin is free from acetyl group as indicated by spectral evidence. Nevertheless, 
it furnished a molecule of acetic acid on drastic alkaline degradation. This fact can be satis- 
factorily explained by assuming the presence of a furan-hemi-ketal system which could be 
expected to break down by alkali as follows : 


CH. OH CH.CO. CH, Gu, 
CH, OH 


After accounting for the last oxygen function, which is part of the hemi-ketal system, a clue 
to the basic framework of the molecule was sought by the well-recognized process of selenium 
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dehydrogenation. From the products, | : 2 : 5-trimethylnaphthalene was isolated and identified. 
This fact suggests that clerodin may be related to the diterpenoid bitter principles, marrubiin and 
columbin. 


The relative positions of the two acetoxy groups in clerodin were ascertained by periodic acid 
treatment of desacetylclerodin. The results indicated the presence of an «-glycol system. This 
was further supported by the chromic acid oxidation of the compound, leading to a yellow crystal- 
line product, CygH.,0;, which behaved like a diosphenol. Hence clerodin should have the 
system, —CH(OAc)—CH(OAc)—CH <. 


The IR-spectrum of clerodin also showed the presence of a gem-dimethyl group. This gem- 
dimethyl group has been located at C, by following a sequence of reactions, which is of general 
applicability to triterpenoids having a gem-dimethy]l in position | and a hydroxyl at 2. Starting 
from desacetylclerodin, acetone was obtained as expected. Consequently the «-glycol system in 
desacetylclerodin should occupy positions 2 and 3. 


Further, it seemed most likely that the hemi-ketal system of clerodin (and its derivatives) 
involves the furan unit, as is the case with marrubiin and columbin. Therefore desacetylclerodin 
may be represented by one of the two formulas : 


— HO CH, 
So 
OH 
6 
HO 
Desacetylclerodin. 


A choice between the two formulas has been possible by observing the amount of periodic 
acid consumed by the molecule. The first structure should consume | mole of the per-acid, 
while the second one would demand 2 moles, because under the acidic experimental condition, 
the compound would behave like a |: 2: 3-trihydroxy compound. Actually only one mole of 
periodic acid was used up. Hence the first structure was accepted. 


The question regarding the contribution of the gem-dimethy! group towards the formation of 
| : 2: 5-trimethylnaphthalene during the dehydrogenation of clerodin now arises. In other words, 
whether the methyl groups in | and 2 positions of this trimethylnaphthalene originate from the 
gem-dimethy! or the gem-dimethyl loses one methyl group leaving the second one in position 5. 
It is on record that selenium dehydrogenation of lupeol furnishes | : 2 : 5 : 6-tetramethylnaphtha- 
lene while the corresponding acetate gives | : 2: 5-trjmethylnaphthalene. 


HOV / MAY F 
A A 
Lupeol (part formula). 1: 2: 5: 6-Tetramethylnaphthalene. Lupeol acetate. |: 2: 5-Trimethylnaphthalene. 
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Since clerodin is a 2-acetoxy compound, we may, by analogy with lupeol acetate, assume that 
the methyl groups in positions | and 2 do not originate from the gem-dimethyl. One of them should 
therefore be derived from an angular methyl group in position 12 or 13. Cleredin is consequently 
formulated as 


OH 
Clerodin. 


Both these formulas are in agreement with the entire chemical behaviour of clerodin. 


These are the principal $-substituted furan compounds of plant origin that have been investi- 
gated fully or to a significant extent. The only common characteristic among them, besides the 
furan unit, is their bitter taste, which is, however, not associated with the presence of the furan 


ring. 


I should like to emphasize that the relationship between taste and structure is still very obs- 
cure, although empirical generalization is possible within a narrow range. Many instances are 
known where the entry of a simple substituent in an organic molecule profoundly changes its taste 
characteristics. I have already referred to glucose and its acetate. Another convenient example 
is the acrid acetic acid which develops a sweet taste when an amino-group enters the «-position. 
In the case of clerodin, the bitter taste persists even when the furan ring is reduced or the hydro- 


‘genated product is isomerized. Removal of the acetyl groups renders the substance tasteless. 


On the other hand, mildly bitter nimbin, when deacetylated, becomes strongly bitter. 


Laserpitin, the bitter principle of Laserpitium latifollium, is an angelic ester ; the substance 
loses its bitterness when this ester group is hydrolysed. On the other hand, tasteless swietenine, 
which is a tiglic ester, is transformed into a bitter substance on elimination of the tiglic acid resi- 
due. The contribution of acidic residues towards the development of bitter taste is therefore 
anomalous. It would, I think, be an interesting study to see how far the taste characteristics of 
a compound are altered by the removal or introduction of simple substituents. 
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